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ARTICLES

In July 1973 in the city of Shevchenko the first industrial atomic power station incorporating a fast BN-350
reactor went into power production, After coming up toa nominal power of 1000 MW the BN-350 reactor
develops 150 MW of electrical power and 120 m?/day of fresh water. In this issue of the journal the Editor-
ial Board is publishing four articles setting out the basic results of the starting and tuning (adjusting) opera--
tions carried out on the BN-350 reactor, and also certain advances in studying the radiation hazards around
the reactor. These articles were presented at the Second Symposium of the Member Countries of the Socia-
list Economic Union on fast reactors held in Obninsk (USSR) on October 1-5, 1972, A communication sum-
marizing the Symposium is presented on p. 185 of this issue.

\

EXPERIENCE IN STARTING AND TUNING (ADJUSTING)
OPERATIONS WITH THE BN-350 REACTOR AND IN ITS
INITIAL POWER PRODUCTION

A, I. Leipunskii, F. M. Mitenkov, UDC 621.039.526
V. V. Orlov, D, S. Yurchenko, '
V. I. Shiryaev, V, M. Arkhipov,

Yu, E, Bagdasarov, R. P. Baklushin,

S. M. Blagovolin, K. T, Vasilenko,

Yu. I. Gribanov, A. A, Demin,

Karabash, A. V. Karpov,

Kiselev, F. A. Kozlov,

Kochetkov, I. A, Kuznetsov,

Pakhomov, V. M, Poplavskii,

Rineiskii, and A, V. Ushakov

R R
L@

The BN-350 nuclear power station has been described earlier, together with a discussion of design
problems and the experimental testing of the equipment [1-4]. At the end of 1971 most of the constructional
and assembly work on the BN-350 had been completed. In May 1972 auxiliary systems were brought into
service to facilitate operation of the basic circuits: the sodium —potassium cooling system of the cold traps
of the first and second circuits, the cooling system of the freezing zones of the gates of the first circuit,
electrlcal heating systems for the equipment and pipelines and the gas heating of the reactor vessel, the cool-
ing systems for the biological shielding of the reactor and the boxes of the first circuit. At the same time
some 700 m? of sodium were prepared and purified for filling the first and second circuits. In October
1972 starting and tuning operatings were initiated on the basic circuits, and all the most important compo-
nents, mechanisms, and equipment as well as the installation as a whole were tested and aligned. In all
operations on the BN-350, experience gained in the starting and exploitation of the BR-5 and BOR-60 reac-
tors was effectively used. In this important and extremely responsible period, the execution of which led
to the physical initiation of the reactor, the majority of the design and engineering decisions were duly veri-
fied, as well as the eff1c1ency of the large sodium circuits and basic reactor equipment,

November 29, 1972 saw the physmal initiation of the BN-350 reactor, In the final stage — the 1n1t1a1
production of power by the reactor, completed on July 16, 1973, by the starting of the turbine under load
— additional important information was gathered as to the efflc1ency of the basic equipment of the nuclear
power station,

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 91-97, February, 1974, Original article
submitted Qctober 22, 1973, . .

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation; 227 West 17th Street, New York, N. Y. 10011
No part of this publication may be-reproduced, stored in a retrieval system, or transmitied, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.
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In this paper we shall present a description of starting and tuning operations on the BN-350, together
with the results of some important stages in the work and initial power production,

Preparation of the Coolant for the First and Second Circuits

The sodium was transported from the factory in special 1 m? containers under a layer of argon. The
system for manufacturing the coolant had six electric furnaces, so that six portable sodium containers
could be employed at the same time.

Although care was taken in the factory to prevent paraffin from falling into the sodium, a certain
amount still remained, Subsequent tests showed that this amounted to 0.1-3 kg of paraffin per container,
In order to remove the paraffin each container was processed before -the sodium was pumped out, the paraf-
fin being distilled off by heating in vacuo. Experience in preparing the coolant for the BOR-60 and also a
series of special experiments revealed the best conditions for removing the paraffin: the sodium in the port-
able vessel was heated to 230-240°C, after which the paraffin was distilled under vacuum into a special air-
cooled trap. Every 3 h the trap was inspected, and if the amount of paraffin had not exceeded 1.5 kg the
sodium was pumped out of the portable container through a cellular filter into a 50 m? storage settling tank,
However, if the amount of paraffin in the trap were greater than 1.5 kg, the distillation cycle was extended
for another 2 h, Practice showed that this period was sufficient to remove the paraffin, - Settling in the
storage tank continued for several days in order to allow paraffin inclusions not removed under vacuum to
float to the top. From the settling tank the sodium was pumped into a 50 m? receiving tank for purification
with a cold trap. The pumping was always carried out in such a way as to leave the level of sodium in the
settling tank some 500 mm above the cut-off of the intake tube of the tank, in order to prevent any possible
paraffin film from passing into the receiving tank,

The sodium was purified by forced circulation througha cold impurity trap. Using an internal (plug)
oxide indicator, the amount of impurity in the sodium was measured periodically; before the onset of purifi-
cation this corresponded to an indicator clogging temperature of 210-220 and after purification to 120-150°C.
The manufacturing system incorporated a universal distillation sampler which enabled samples to be taken
for the chemical determination of metallic and nonmetallic (carbon, oxXygen, nitrogen, etc.) impurities in
the sodium. Samples could be taken both while pumping the sodium from the portable containers into the
storage tank and while purifying the sodium in the receiving tank. -After purification the sodium was passed
under pressure into the overflow tanks of the first and second circuits, Since the coolant was always pre-
pared in advance, the sodium in the overflow tanks of the first and second circuits had already settled for
several months, The proportions of the main impurities in the sodium prepared for filling the first and
second circuits (in parts per million) were: 50 K, 25 Ca, 20 C, 70, 5 H, and 4 N [5]. The same system
was used to prepare the coolant for cooling the trap filters and the drum for the expended packs (Na—K
eutectic), ’

Starting and Tuning Operations in the First Circuit

The starting and tuning operations in the first circuit involved the following main processes:
verification of the vacuum-tightness of the circuit;

drying of the circuit by vacuum treatment and heating;

verification of all the mechanisms, equipment, and measuring and testing instruments;

fili_ing the circuit with sodium; _ ' '
development of the procedures for starting the circuia.tio’n and the combined operation of the pumps;
purification of the sodium in the circuit and running-in of the pumps;

‘study of the hydré.ulic characteristics of the cifcuit.

The vacuum-tightness of the first circuit was verified by evacuating the circuit and testing with a
helium leak detector. The limiting vacuum achieved in the first circuit was 5-107% mm Hg with a leakage
of 4-107° mm Hg/h. The circuit was prepared by electrically heating the fittings and pipelines and gas
heating the main body, gas being simultaneously circulated through the circuit by regular pumps, The tem-
perature was raised at 5-6°C/h in steps of 20°C with a 10-15 h rest at each step,

\
\
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_ During the heating of the circuit the readings of strain gages and the displacement of reference points
on the main body of the apparatus, the fittings, and the pipelines were carefully checked. The maximum

temperature of the vessel and the internal fittings of the reactor was reached after 10 days and equalled
200-250°C, '

‘The first circuit was filled with sodium previously heated in the overflow tanks to about 250°K, To
provide additional purification, before passing into the circuit the sodium was pumped through the standard
trap filter of the first circuit, which played the part of a mechanical filter, The circuit was filled gently,

without any serious thermal stresses in the fittings. The volume of the sodium in the first circuit was about
500 m?, ‘

The first circuit of the BN-350 reactor was a complex hydraulic system with a large number of free
sodium levels (in the reactor, six pump tanks, and six filter overflow tanks), The circulation through the
first circuit was therefore arranged successively, individual pumps being started at 250 and 1000 rpm and
pumps being set in parallel operation at 250 rpm. The stability of operation of the pumps was checked in
various combinations, so was the behavior of the sodium levels and the reverse valves as the pumps were

started and stopped. During the running-in of the first circuit the heat was taken off by a single steam
generator,

Investigations showed that the hydraulic characteristics of the first circuit agreed closely with design
values. Deviations in individual loops were insignificant, For any combination of pumps working in paral-
lel, normal operation was assured at both 250 and 1000 rpm. The stability of the sodium levels in all the
vessels of the circuit was also assured. The vibration of the equipment and pipelines was insignificant,

The cavitation margins of the pumps corresponded to the design data; connecting and disconnecting the pumps
produced a smooth change in sodium level,

On the basis of the foregoing tests, the following order was decided for starting circulation in the first
circuit:

1) the head pressure gates of the three loops chosen for connection are opened to the starting position
(those of the other three loops being closed);

2) the three selected pumps are started at 1000 rpm one after the other at intervals of 1-3 min;

3) the head gates of the fourth and fifth pumps are opened in the same way and the pumps are started
at intervals of 1-3 min;

4) the head gates of all the working pumps are opened fully at the same time,

The sodium in the first circuit was purified continuously as adjustment of the circuit proceeded, using
cellular filters placed in the tail sections of all the simulation packs in the reactor, as well as cold traps.
An attempt to set the cold traps in operation while the pumps were turning at 250 rpm was unsuccessful
owing to the inadequate flow of sodium through the traps. Hence the initial purification of the sodium in the
circuit was effected by circulating it through the traps using the electromagnetic pumps of the tank equip-
ment. The main purification was carried out with the pumps operating at 1000 rpm and the sodium cir-
culating through three of four cold traps.

The first measurement of oxide content in the first circuit was carried out after circulating the sodium
through the traps for 100 h, The clogging temperature of the plug indicator was 185°C. After passing the
whole volume of the sodium through the cold traps 30 times, the clogging temperature of the indicator fell
to 120°C. The results of a2 chemical analysis of coolant samples periodically taken from the first circuit
by means of a distillation sampler indicated an appreciable reduction in the impurity content of the sodium
by virtue of its purification in the cold traps: the carbon content fell from 25 to 10, and the oxygen from
22 to 2.5 parts per million,

After the running-in of the first circuit had been completed the 10 simulation packs were extracted.
On inspecting the cellular filters of these no mechanical inclusions were found. This indicated that the
measures taken to preserve the purity of the circuit during assembly and starting and tuning operations
were reasonably effective, '

Starting and Tuning Operations in the Second and Third Circuits

The starting and tuning operations in the second ‘and third circuits were carried out in accordance
with the foregoing stages characterizing the physical initiation of the system and its initial production of
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power. At the stage of the running-in of the first circuit and during the physical initiation of the system
one loop had been made and set in operation in each of the second and third circuits; at the stage of first
power prl)duction three loops were operative in each case,

The sequence of the starting and tuning operations in the second circuit was:
1) the achievement of general vacuum tightness in the circuit;
2) verification of the close locking of the equipment; '
3) plotting of the zero readings of the strain-gage system and referencé points;
4) passage of nitrogen through the circuit and its components;
. -5) evacuation and drying;

6) heating of the liquid metal eircuit (during the heating the readings of the strain-gage system were
taken and the position of the reference points was established); :

7) filling of the loop with sodium (without the indication and filtration system);
8) bringing the auxiliary systems into the working mode;

9) starting the circulation with the pumps working at 250 rpm;

10) measurement of pipeline vibrations; |

11) filling the indication and filtration system with sodium;

12) determination of the oxide content of the sodium;

13) starting the cold trap and preliminary purification of the sodium;

14) starting the pumps at 1000 rpm and running the circuit in at nominal revolutions;
15) measurement of pipeline vibrations;

16) final purification of the sodium with the pumps working at 1000 rpm;

17) chemical analysis of the sodium;

18) determination of the characteristics of the second circuit systems.

The starting and tuning operations in the second circuit were carried out with a sodium temperature
of 150-250°C.

The difficulties encountered in hermetizing the second circuit were associated with the large volume
of the vacuum spaces (80~100 m?, the branched nature of the tracts, and the large number of welds sepa-
rating the inside of the second circuit from the surrounding medium, The greatest difficulties were en-
countered in connection with the absence of vacuum’ tightness in the tube assemblies of the steam generators
and in one of the heat exchangers. Nevertheless, an extremely high vacuum tightness was eventually
achieved, the limiting vacuum being 102 mm Hg. The contour was regarded as hermetic if the leakage
(fall in vacuum) was no greater than 10 y/h. During the vacuum treatment the hermetic state of the water-
filled steam generator was also subjected to a preliminary (cdd) test. From the limiting degree of vacuum,
and from the appearance of traces of moisture in gas samples of the second circuit, the hermetic state of
the steam generator after assembly operations could readily be judged.

As criteria we used the following approximate computing characteristics of the circuit parameters
during vacuum treatment, expressed as functions of the water leakage in the joints of the steam generator:

Leak, g/h it i ittt i it e e 0.7-107%; 10; 1220
Rate of leakage, u/S€C . ... ve i vnnnennnnn. 0; 0.6-107%; 0.7
Limiting vacuum, mm Hg ., ... @ittt 107%; 0.15; 1.5
Amount of moisture at a pressure of 10 mm Hg, wt. %. . 0; 0.02; 2.2

Preliminary analysis of the stressed state of the elements of the second circuit showed that during
the heating of the sodium-free second circuit conditions were most severe at the nodes of the intermediate
heat exchanger, It was precisely this factor that determined the rate of heating of the whole circuit. In
order to verify and develop the heating process, we carried out special experiments with strain gages in
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the structure of the heat exchanger; these showed that heating in steps of 20°C at 5°C /h and with a rest of
10 h at each stage was quite- acceptable, The heating of the circuit filled with sodium at this rate was in no
way dangerous,

The filling of the pipelines and fittings of the second circuit with coolant using the design system of
drains and air lines caused no difficulties. However, a chahge of 1 atm in the pressure of the gas spaces
led to a change in the sodium levels in the system, and this affected the gas pockets remaining in individual
parts of the circuit, The use of sodium circulation with the pumps working at 250 rpm for 5-10 h usually
led to the complete removal of the gas spaces in the circuit,

The vibration characteristics of the main sodium pipelines of the circuit were satisfactory with the
pumps working at both 250 and 1000 rpm, subject to a sufficient level of sodium in the evaporators. On
reducing the level of sodium in the evaporators to 300 mm above the axis of the suction tube many large
gas bubbles passed into-the overflow tube of the evaporators;large fluctuations of the main circulation
pipelines developed, with amplitudes up to 50-60 mm,

After the filling of the second circuit with sodium, the impurity content of the coolant usually corre-
sponded to a blocking temperature of 150 + 180°C according to the plug indicator. The incorporation of the
cold traps with the pumps operating at 1000 rpm reduced the clogging temperature of the indicator to 120-
130°C in 10-15 h, i

In order to reduce the corrosion damage of 1IKh2M steel during the prestarting hydraulic tests on the
third circuit, hydrazine hydrate (500-1000 mg/liter, referred to hydrazine) was added to the distillate,

" this being directly introduced into the steam generators.

In order to ensure the required quality of the supply water (with respect to oxygen) during the start-
ing and tuning operations, hydrazine hydrate was introduced into the supply tract of the distillate at the
actual stage of preparation, which also greatly reduced the passage of iron into the water from the supply-
water pipelines,

Filling of the steam generator with water at 150-160°C was carried out with the sodium in the second
circuit at a temperature of 170-180°C In the course of the starting and tuning operations, special attention
was paid to testing the emergency systems of the steam generator and the circuits designed to prevent dan-
gerous consequences if the sodium accidentally came into contact with water when a heat-exchanger tube
broke. The test program was sget up so as to determine the efficiency of the protective systems of the
second and third circuits (PS-II and PS-III) before the simultaneous filling of the steam generator with
sodium and water, '

During the testing of PS-II the second and third circuits were filled with an inert gas. The emergency
signal for the operation of the system was simulated by raising the pressure in the second circuit by 0.5
atm, The inertia of the system of drives used for the forced rupture of the membrane-rupture device, the
tripping pressure of the preventative devices in the separator tank of the second stage, the permeability of
the system for the ejection and separation of the reaction products, and the tightness of the safety valves
in the separator tank, were all determined.

Testing of the PS-III at the first stage was carried out when the second circuit was filled with an in-
ert gas, the steam generator heated to 250-270°C, its water-steam space filled with water, and the pres-
sure in the latter held at 30-50 atm by virtue of electric heating,.

In the electric circuit the emergency signal for a rise in pressure in the gas space of the second cir-
cuit (due to a severe leak) was also simulated. During the tests the inertia of the high-speed equipment in
the water-supply line and the line corresponding to the emergency drying of the steam generator was deter-
mined, so were the conditions for discomnecting the pumps of the second circuit and the time required for
the ejection of water and steam from the steam generator, i.e., the period of possible danger if water
leaked into the sodium.

At the second stage the PS-III was tested with the second circuit full of sodium, the pumps working
at 1000 rpm, and with steam being generated in the steam generator.

In general, the parameters of the first and second circuits and the characteristics of the emergency
systems and protective devices of the steam generator were in accordance with design.

I
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Experimental Studies of the Dynamic Characteristics

and Parameters

During the starting and tuning operations, a series of experiments was carried out on the dynamics,
testing, and adjustment of the protective systems, as well as the signalling and automatic-control systems,
The experiments were started during the running-in of the main circulation pumps and the purification of
the circuits, when the transient hydraulic processes were being studied and the cavitation characteristics
of the circuits measured. Instead of the full-scale fuel packs, steel simulation packs were installed in the
reactor. At this time the running down of the pumps was measured at 1000 and 250 rpm, and transient '
processes were studied when one pump was shut down out of four or five working. When the pumps were
running at 1000 rpm the disconnection of one pump was accompanied by the sharp closing of the reverse
valve, The flow of sodium in the disconnected loop fell to zero in 3-4 sec. The valve closing process
lasted about 2 sec.

The cavitation characteristics of the first circuit were measured under the severest conditions
— three pumps running at 1000 rpm. The pressure of the gas in the apparatus was reduced, the flow of
sodium in the loops was measured, and the pumps were tested by ear at the same time. The measurements
© confirmed earlier values of the cavitation reserves,

After physical initiation, the hydraulics of the circuits were again studied, but on a wider scale than
when the pumps were being run in, Certain experiments were repeated in order to estimate the influence
of the hydraulic resistance of the reactor. Measurements of the running down of the first-circuit pumps
showed that the resistance had only a weak influence on these processes. The rate of rotation of the pumps
was measured, so were the flows of sodium in the loops when the power supply of individual pumps was
shut off for 1, 2, and 3 sec. The results were needed in connection with the calculation of various emer-
gency situations in the power. supply system which could not be simulated experimentally.

The reduction in the flow of a failed loop with the pumps working at 1000 rpm took place slightly more
quickly with increasing hydraulic resistance of the reactor. The experiments involving the shutting down
of one pump out of five working were repeated several times. The flows of coolant in the loops, the rates
of revolution of the pumps, and the displacements of the pipelines were measured, In individual experi-
ments the hydrodynamic effects of the reactivity were also determined. '

At the same time as studying the transient hydraulic processes, tests were also made on the emer-
gency protective systems based on changes in sodium flow in the first circuit of the installation, and these
systems were adjusted accordingly. In the most dangerous emergency situation, the protective system
should operate no more than 1-1.5 sec after the flow has started becoming weaker., In view of this, the
requirements as to the precision with which the emergency signalling and protective devices should be
made are very high, The experiments involved determining the dynamic characteristics of the protective
devices and the secondary instruments, in simultaing emergency situations, and establishing all the delay
components of the emergency signals.

Special e:q)eriménts were conducted to calibrate the main flow meters, the signals from which oper-
ated the safely devices.

In view of safety requirements relating to emergencies arising from disruptions in the energy supply.
of the installation, in addition to the signal based on changes in the sodium flow in the first circuit, a signal
based on the fall in voltage in particular sections of the distributor system from which the electric motors
of the pumps were fed was also introduced into the emergency system. The signal indicating a fall in volt-
age in the most severe situations should arrive at the same time as the signal indicating a fall in sodium
flow. Such situations were simulated in the experiments, The operation of the emergency protective de-
vices was accordingly verified, Simulation was also enacted for such breakdowns in the energy supply
system as were not required to trip the emergency devices, since they were capable of being removed by
switching to reserve supply sources.

With the reactor operating at the minimum controllable power level the hydrodynamic effects of the
reactivity were then measured — effects associated with the displacement of the fuel packs of the reactor
when the flow of coolant through the latter altered, The effects were determined for the simultaneous dis-
connection of five, four, or three pumps of the first circuit, and also when one out of the five working
pumps was shut down, The maximum extent of the effect on changing the flow of coolant from the nominal
value to zero was 5-6%. . For a low flow of coolant the effect had a positive sign (the fuel packs moved
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toward the center of the active zone)., The dependence of the effect on the flow of coolant agreed closely
‘with theoretical predictions as to its mechanism. More precise information regarding the displacement
of the fuel packs of the reactor under the influence of changing pressure of the coolant in the gaps between
them will be obtained after making a de_tailed mathematical analysis of the experimental results,

The barometric reactivity effects associated with a change of pressure in the reactor due to the evolu-
tion of gas from the sodium and a change in the volume of the gas bubbles already present in the coolant
were also studied at the lowest. conirollable power level, The effects were determined while changing the
excess pressure in the apparatus from zero to the working value (0.9 atm). In this range of pressures no
reactivity effects were observed. This further confirmed that the effects measured on disconnecting the
pumps of the first circuit were associated with the displacement of the fuel packs themselves.

The temperature coefficient of reactivity was measured by heating the reactor with circulation pumps

at the minimum level of reactor power. The effect was determined on a base of 70°C and amounted to ~3.77
. 10—500 -1 . . -

An extensive series of experiments was directed at elucidating the details of reactivity feedback, The
asymptotic power effect was determined for a slow rise in power, with a steady flow (consumption) of cool-
ant, by reference to the position of the absorbing rods. The effect was measured under various pump work-
ing conditions: with two pumps working at 250 rpm, three at 1000 rpm, and four at 1000 rpm,

The reactivity feedback mechanism was studied by rapidly perturbing the reactor with respect to
reactivity and then recording the transient process, The perturbations were effected by ejecting one emer—
gency (safety) rod with an efficiency of ~19%, rapidly displacing an automatic control rod by 100-150 mm
(the perturbation here reaching 0.05%) in the self-regulating mode, and by rapidly changing the setting of
the power control in the automatic-control mode. The natural noise of all the main reactor parameters
was also recorded. Experiments were carried out using slight artificial perturbations obeying periodic
and pseudo-random laws., The accuracy of measuring all the effects was ensured by initially stabilizing
the reactor to a state in which the rate of change of the reactivity was no greater than 0.01%/h. The pres-
sure in the steam generators was meanwhile held to an accuracy of +0.,5 abs, atm, "

The mamner in which the slow and fast safety (emergency) devices operated was studied in order to
determine the factors chiefly affecting the magnitude of the thermal stresses arising in the construction
elements under these conditions, The experimental curve giving the fall in power after the operation of
the slow safety device agreed closely with the theoretical curve. This indicated that the relationship be-
tween the linear efficiency of the control and safety rods and the depth of their immersion in the reactor
provided for in the design had indeed been accurately defined. The efficiency of the mixing (agitation) of
the sodium in the reactor tank was studied urnider conditions corresponding to the operation of the slow
safety device for various rates of flow of the coolant, which determined the magnitude of the thermal
stresses in the outlet pipelines and the vessels of the intermediate heat exchangers.

In all operating modes associated with a change in the sodium temperature the transient processes
in the intermediate heat exchangers and steam generators were also studied, Specially to be noted were
the fransient processes in the steam generators when the pumps of the second circuit were started and a
rapid change occurred in the steam production and the steam pressure in the generators. The aim of the
experiments in this case was that of determining the conditions under which the safety of the process could
be guaranteed, ‘

Special experiments were undertaken in order to study the processes associated with the change in
sodium temperature at the entrance into the reactor. In these experiments the dynamic characteristics of
the expansion of the head (pressure) collector of the reactor and the influence of this expansion on the reac-
tivity were studied. These experiments will prove useful when constructing a complete model of the reac-
tivity feedback.

Experiments to determine the effective heat capacity of the circuits and the thermal losses to the
surrounding medium were carried out by heating the installation with the principal circulation pumps and
then cooling it. Experiments were furthermore carried out for different numbers of loops; the loops of
the second circuit were heated and cooled in one of the experiments in isolation from the first circuit,

Experimental investigations into the dyné.mics of the installation will be continued at higher levels
of power,
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Initial Power Production of the Installation

From the very outset of the starting and tuning operations on the BN-350, in all design procedures
and preliminary processing the term "initial power production" was taken to mean, not some specific in-
stant of reaching the originally specified parameters, but a whole complex of operations and investigations,
This incorporated a stage-by-stage, gradual lifting of the power and parameters, while at each stage
planned experiments were undertaken and their results analyzed, together with the results obtained in the

actual use of the installation.

On July 16, 1973 one of the turbogenerators connected to the power system was set in action by the
steam of the BN-350; the remaining heat was used to freshen sea water for the city of .Shevchenko.
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STUDY OF THE PHYSICAL CHARACTERISTICS OF
THE BN-350 REACTOR ON STARTING

V. V. Orlov, G. B, Pomerantsev, UDC 621,039,526:621,039.52,034.6:
D. S. Yurchenko, K, T. Vasilenko, 621,039,519
B. G. Dubovskii, Yu. A. Kazanskii,

G. V. Kiselev, I, M. Kisil’',

M. Ya, Kulakovskii, V. I. Matveev,

N. V. Skorikov, M, F, Troyanov,

G. B. Usynin, V. I. Golubev,

A, A, Vaimugin, A. I. Voropaev,

P. G, Dushin, V., P, Zinov'ev,

V. F. Lyubchenko, V. F. Mamontov,

and P, L, Tyutyunnikov

The BN-350 reactor constructed in the city of Shevchenko is the first industrial fast reactor in opera-
tion, The starting of this reactor is a most important stage in the adoption of fast power reactors as part
of the program of development of nuclear power technology in the USSR.

The designed thermal power of the reactor is 1 GW. The reactor is cooled with sodium. The fuel
is enriched uranium dioxide. The construction of the reaction was described in [1-3].

In 1972 turii.ng operations were initiated in respect of individual sections of the reactor, followed by
comprehensive starting operations, On November 29, 1972 the reactor went critical, A program of in-
vestigations into the static physical characteristics was then carried out in the reactor, including measure-
ments of the efficiency of the control rods, the efficiency of the fuel packs, the sodium- void reactivity ef-
fect, the temperature cocfficient of reactivity, the distribution of various reactions over the volume of the
active zone and the screen, and the hydrodynamic and barometric reactivity effects.

After execution of this program in the reactor, preparations for passing into the power operating
mode commenced,

Calculated and Experimental Bases of the Physical

Characteristics of the Reactor

During the design of the BN-350 reactor a great number of theoretical-calculation, methodical, and
experimental investigations were carried out in order to establish the basis of its physical characteristics.

As a result of the development of a system of constants allowing for the resonance blocking of the
cross sections, the well-known 26 -group system of constants was created in 1963 [4]. As time progressed
this system of constants was improved and developed, mainly in connection with the appearance of new in-
formation regarding the neutron interaction cross sections. As the constants were corrected, the physical
characteristics of the reactor were reconsidered and refined as well.

In calculating the reactor the diffusion approximation was generally employed. The validity of this
approximation was verified by comparing with higher approximations. A considerable proportion of the
calcula.tmns was carried out in one-dimensional geometry, using snnple and effective programs [5]. The

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 97-103, February, 1974. Original artlcle
submitted October 22, 1973.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00. )

121

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030002-6




Declassified and Appréved For Release 2013/01/25 : CIA-RDP10-02196R000400030002-6

TABLE 1, Efficiency of the Boron Rods
% Ak/k

Rods Measurements Design
AR-2F 0,128+-0,003 -
AR-1F 0,256-0,006 0,21
AR-1 0,238-+0,007 0,21
AR-2 0,23240,007 0,24
TK 0,80+0,03 0,90
AZ-1 1,08+0,05 1,06
AZ-2 1,03:+0,05 1,06
AZ-3 1,07-+0,05 1,11

TABLE 2, Efficiency of the Compensat-
ing Packs, % Ak/ k '

Packs Measurements . Design
KP, 0,1904-0,005 0,208
KP, 0,189+0,005 0,199
KP, 0,190-4-0,005 0,199
KPy 0,1944-0,005 0,208
KPs 0,178+:0,005 0,193
KP, 0,174+0,005 0,199
TABLE 3. Effect of the Complete Re-

moval of Sodium From One Pack of the

Active Zone and the Sereen at a Tempera-
ture of 220-230°C (x107° Ak/Kk)

Ifl)istanﬁ:e
Tom the -
.Place of center of the | Experiment Caleu
measurement factive zone, lated
cm i .
Zone of slight 9,85 —6,7+1,5 [ —3,0
enr1chme%t 19,7 —4,6+t,6 | —3,4
39,4 —6,5+1,5 —5,5
54,6 —10,11,5 | ~8,1
Zone of great 59 —7,4+-41,0 —9,6
enrichment 69 —9,8+1,0 | —13,1
78,7 —8,8+1,0 —7,1
Screen 98, 5 —14,8+1,6 | —0,2

values of the Laplacians required in order allow for the
transverse leakage of neutrons were determined from pro-
grams based on synthetic methods [6, 7] which were also
used in order to calculate the changes taking place in the
isotopic composition of the fuel and the reactor character-
istics for various degrees of burn-up, In the decisive
stages of the calculation computing programs in two-di-
mensional geometry were used in order to refine the re-
sults and establish the details of the neutron fields [5].

In order to determine the reactivity effects and cal-
culate the efficiency of the control rods, perturbation
theory was also widely employed, In the latter case the
methods of perturbation theory were combined with direct
calculations of centrally-positioned rods [8],

During the development of the reactor, an extensive
program of experimental investigations into physical
models of the reactor was carried out on the BFS-1 test-
bed. The program embraced a study (in various states of
the reactor) of the critical parameters, the efficiency of
samples of various materials and models of the control
and safety rods, the spectral characteristics, the distri-
bution of reaction velocities, the sodium reactivity coeffi-
cient, and so on. The results of these investigations were
presented and analyzed in [9-12].

The results of the simulation of the reactor on the
BFS tested were used in two ways. Firstly, a direct cal-
culation of all the experimental results was carried out
by the same methods and with the same constants as those
used in calculating the reactor itself. Secondly, the char-
acteristics of the critical assembly were "transferred" by
perturbation theory to the reactor characteristics, allow-
ing for differences between the composition and geometry
of the assembly and the reactor. These two methods of
comparison gave very similar results.

However, neither the calculations nor the simulation
could embrace all details of the reactor construction, the
real composition and geometry. . The disposition of various

materials in the assembly and reactor, réspectively, differed considerably. Such characteristics as the
temperature and power effects of reactivity could not be studied at all in the critical assembly,

For this reason measurements of the phys'ical charabteristics of the BN-350 directly in the reactor
constituted the first serious means of examining the whole conception of theoretical -computing and experl—
mental investigations aimed at establishing the physical charactemstms of the fast power reactor.

Achievement of the Critical State.

The Critical Mass

-Before charging the fuel packs of the active zone, ,_the first circuit and the reactor tank were filled
with sodium, the packs of the lateral screen and all the rods of the control and protection (safety) system

were charged,, while steel simulation packs were placed in the active zone,

The temperature of the sodium

was maintained at a level of 220-230°C by electric heating. Circulation of the sodium was achieved by
using two pumps at a low rate of revolution (25% of nominal),

" In assembling the critical mass and carrying out the physical measurements, the reactor was equipped
with a special starting device ensuring reliable control (monitoring) after charging the first packs of

the active zone, using an initiating neutron source of relatively low intensity (5 - 10% neutrons/sec).

Charg-

ing of the active zone of the reactor wds carried out from the center, by replacing the simulator packs with
After the charging of each batch of packs the boron rods were "weighed" by the inverse

fuel packs,
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Rel

Rel multiplication method. The fuel rods — burn-up compen-

sators — were not moved during the charging of the active
zone and remained in the lower position. In plotting the
extrapolation curve, allowance was made for the change
in the efficiency of the neutron flux detectors, associated
with the change in the dimensions of the active zone, This
facilitated a substantial linearization of the inverse multi-
plication curve, and a refinement of the extrapolations
used in the course of assembling the critical mass.

0,75+

]

0,50+

g2k

: a0 W i 50 o7 em The critical mass of the reactor, with the boron rods
e completely extracted from the active zone, allowing for

Fig. 1. Distribution of 2¥U fissions with the replacement of the initiating source by the fuel pack,

respect to the height of the reactor at vari- amounted to 201 packs., The computed value was ~200

ous distances R from the vertical axis: A) packs.

active zone; B) upper reflector; C) lower

reflector; 1) R = 0 and 29,5 cm; 2) R= 59 om; ~Lificiency of the Control and

3) R = 88.5 cm, Safety Rods

The control and safety system of the reactor con-
tains 12 rods [1}: two boron automatic-control rods (AR),
three boron emergency protection (safety) rods (AZ), one boron rod for compensating the temperature and
power effects of reactivity (TK), and six compensating packs (KP) for compensating the loss of reactivity
during burn-up,

In the boron rods, 60% enriched boron carbide is used.. The compensating packs consist of two
parts: absorbing packs made from impoverished uranium oxide, and fuel packs comprising fuel elements
of the active zone,

The efficiency of the rods is measured in several ways. The relative efficiency is determined by the
inverse multiplication method in the subcritical state and by the method of overcompensation in the critical
state. The absolute calibration is carried out by reference to the warming-up period of the reactor, using
a precision period meter, and also by measuring the positive and negative changes in reactivity (during the
warming-up period and after introducing an absorbing rod into the active zone respectively) by means of an
analog reactivity meter adjusted for the calculated parameters of the delayed neutrons of the reactor.

In measurements by the method of overcompensation, the reactivity meter enabled compensatlon of
the reactivity to be achieved with.an accuracy of 7+ -107% Ak/k. The various methods of measurement gave
results agreeing with one another to within the corresponding experimental errors.

Automatic Control, ' Temperature Compensation,

and Safety Rods

The efficiency of four automatic control rods was measured. After the physical measurements, the
rods of the AR-1F and AR-2F types were replaced by standard rods,. for which the efficiency measurements
were repeated (AR-1 and AR-2).

The efficiency of the temperature compensator was obtained by the method of overcompensation from
the measured efficiency of the compensating packs

In determining the efficiency of the AZ (safety) rods two methods were employed: measurements based
on inverse multiplication and those based on the throwing (dropping) of rods, the reactivity so introduced

‘being measured with a reactivity meter. Measurements of this kind were carried out repeatedly, The re-

sults of the measurements and also the design values of the eff1c1ency, are presented in Table 1,

Compensatlng Packs (KP)

The eff1c1ency of one compensating pack was measured by reference to the reactor warm-up period,
using a period meter. The efficiency of the remaining compensating packs was determined by the over-
compensation method. In addition to this, the efficiency of each compensating pack was measured with a
reactivity meter during immersion of the rod. All these methods gave results agreeing with each other,
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within the limits of experimental error. The results of the measurements'are presented and compared with
degign data in Table 2. o : o o

Interference of the Control Rods

The measurements showed that interference between the automatic control rods never exceeded the
limits of measuring error. A similar conclusion was drawn for the temperature-compensation and auto-
matic control, and also for the temperature-compensation and emergency (safety) rods. The efficiency of
the compensatmg—pack rods situated close to the immersed temperature—compensatlon rods is ~15% lower
than that correspondmg to the raised temperature—compensator

In analyzing the interference of the emergency (safety) rods, a certain tendency was observed toward
a reduction in the efficiency (as determined by the throw method) of two and three rods by comparison with
the inverse multiplication method, One possible explanation for this is the fact that no allowance is made
for the neutron source in the kinetic equations solved by the reactivity meter,

The results of these measurements of the efficiency of the control rods showed that the maximum dif-
ference between the actual efficiency of the rods and the design value equalled ~10%. Control and safety
were in fact in accordance with design, The adequacy of the compensation system will be determined after
the reactor has been workmg under full power,

Efficiency of the Fuel Packs

The efficiency of the fuel packs was determined by the overcompensation method, by reference to a

~ calibrating compensating pack, The overcompensation.was effected in such a way that, after the substitu-

tion of the packs under consideration and the displacement of the compensating pack, the reactor had a
positive reactivity of 0.01-0. 07% ak/k. .

The measured efficiencies of the packs in the active zone after replacmg a pack with sodium equalled
0.145-0.203% Ak/k, The measuring error was 0.007% Ak/k. The.calculated values determined from per-
turbation theory lay close to the experimental values, allowing for the measuring errors. The sign and
magnitude of the slight differences between the measured and calculated efficiencies depend on the location
of the pack.

Measurements were also made of the react1v1ty effects which occurred on replacmg the packs of the
lateral screen with packs of the active zone, . These effects were equal t0 0.11-0.13% Ak/k and agreed fair-
ly well with calculation. ‘
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The Sodium Void Reactivity Effect

The effect was measured by means of special "dead" packs without any sodium placed in the reactor
in place of the fuel packs, After each installation of "dead" packs at various points of the reactor, all the
boron rods were raised to the top end position and the warm-up period was determined. Then the packs
were extracted from the reactor, dehermetized, and replaced in the same positions, after which the warm-
up period was measured once again,

The d1fference between the periods enabled the desired effect to be determined, Since the effect to

be measured was small, two or three packs were placed symmetrically with respect to the center at the
same time, ’

The principal error in these measurements was associated with the temperature ‘correction for the
difference between states measured at different instants of time, and with the inaccuracy involved in repro-
ducing exactly the same state of the reactor several times. Before each measurement of the state of the
reactor, it was verified that the reactor had the same basic state for the same charging of the active zone,
The use of data relating to the reproducibility of the basic state ensured a reasonably small value of the
error in the effect. In these measurements special attention was given to the careful monitoring of the
reacbor temperature, ‘

The results of the measurements made on the sodium void react1v1ty effect, presented in Table 3 to-
gether with computed data based on perturbation theory, showed that the effect of the complete removal of
sodium from one pack was negative for all cells of the active zone and the screen, It should be noted that
calculations based on perturbation theory give a fairly good idea of the magnitude of the effect of removing
sodium from one pack.

The second method of measuring the sodium effect lay in the following. Instead of a fuel pack, cans
containing hermetic gas spaces of different heights without any fuel were installed. Measurements with
four types of cans enabled us to determine the effect of the displacement of the gas space with respect to
the height of the can and demonstrated the necessity of introducing complex corrections in order to allow
for the leakage of neutrons along the can, heterogeneity, unlocking, and slowing down, which greatly im-
pedes the interpretation of the experimental results.
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Temperature Coefficient of Reactivity

At the stage of the physical experiments approximate measurements of the temperature coefficient
of reactivity were made., The temperature was varied by electric heating and by the circulation of sodium
through the cold oxide traps, with only a slight flow of sodium through the reactor (two pumps working at
low revolutions). The measurements were made at 150-240°C. The asymptotic temperature coefficient of
reactivity was exactly the same in the ranges 200-240 and 160-180°C, or more precisely (3.4 + 0.2).107° ,
and (3.9 + 0,2) .10 Ak/k/°C respectively.

The experiments revealed a certain nonlinearity of the temperature effect, which could not be ex-
plained by the nonlinearity of the Doppler effect by itself. The most likely reason for this nonlinearity lay
in the inadequate temperature stabilization, due to the low rate of sodium circulation,

The calculated value of the temperature coefficient of reactivity at 250°C is ~2.8-107 Ak/k/°C.

Barometric and Hyd'rodynamic Reactivity Effects

Repeated changes in the pressure of the inert gas in the reactor for various sodium flow rates pro-
duced no changes in reactivity. This indicates that no gas accumulation takes place in the active zone,

Measurements of the reactivity effects on connecting and disconnecting the pumps of the first circuit
showed that disconnection led to a slight positive reactivity effect, equal to 4,2-107%and 3,2-107* Ak/k
for four and three pumps respectively,

~These effects are much smaller than the maximum hypothetical effects, equal to ~3-1073 Ak/k.

Density Distribution of Various Reactions

The relative density distributions of various reactions over the volume of the reactor were measured
by the activation method, using special measuring packs with a construction analogous to the fuel packs
(the central fuel elements being removed). In the channel so formed we placed a steel ampoule with a set
of various indicators all along it.

The measuring packs were placed in the reactor in place of the corresponding fuel packs and irradiated.
for several hours, Then the packs were extracted, the ampoule was withdrawn and opened, and the indi-
cators were subjected to analysis. Seven packs were irradiated in one exposure, We measured the distri-

_ butions of the following reactions: the fission of 2*U, natural uranium, plutonium; the capture of 2¥U,
sodium, gold, copper, manganese, nickel, and aluminum,

Figures 1-5 show the main results of the measurements in comparison with calculated data obtained

. from two-dimensional d1ffus1on calculatmns

The distribution of 239U flss1ons with respect to the height of the active zone agrees closely with cal-
culation. We find slightly higher values of the measured fission rates in the middle of the top end screen,
At the same time, in the lower end screen the agreement between calculation and experiment was consider-
ably better, In view of the fact that the fission of %U in the end screens makes only a slight contribution
to the total power, these deviations have no practical significance. The radial distributions of ?*U fissions
agree fairly closely with calculation; the possible measuring error is 5-10%. The same conclusion follows
for the distribution of ?**pu fissions and ?*Na captures,

The fission distribution of natural uranium agrees satisfactorily with calculation,

CONCLUSIONS

i Analyses of the static physical characteristics revealed during the starting of the BN-350 reactor
have for the first time enabled the methods of predicting these characterlstlcs to. be ver1f1ed under the true-
service condition of a fast power reactor, -

2. These measurements show that, during the development and establishment of the reactor, the
physical characteristics were determined to a reasonable accuracy. This facilitated the entry of the reac-
tor into initial power production, When the reactor is being used at full power it will be possible to deter-
mine the power reactivity effect and the effect of fuel burn-up, to evaluate the adequacy of the reactivity
compensation system, and to determine the period of continuous operation,
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3. The set of computing data thus obtained, together with the results of measurements carried out on

model critical assemblies and the reactor itself, offer new prospects for analyzing the accuracy of the pre-
dicted physical characteristics of fast power reactors and for perfecting the methods of calculation,

1,

10,

11,

12,
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APPARATUS FOR MONITORING THE BN-350 REACTOR
AND ENSURING SAFETY DURING ITS PHYSICAL INITIATION

B. G. Dubovskii, V, V. Bondarenko, UDC 621.039.519:621.039.58:
A. A. Vaimugin, A, §., Vodolazhskii, . 621.039.526
I. G. Gaidurov, A. N, Efeshin, " '

P. G. Dushin, V., I. Kozlov,

I. M. Kisil', V, A. Krasilov,

V. F. Lyubchenko’, V. F. Mamontov,

A. E. Merkulov, G. B. Pomerantsev,

N. V. Skorikov,'Yu. F. Taskaev,

and I, M, Shvedenko

During the first charging of a nuclear reactor with fuel, as well as in experiments at the physical
power level and during the initial use of the reactor at full power, safety is largely determined by the in-
corporation of reasonably sensitive and reliable measuring instruments in the neutron-power monitoring
system, The sensitivity of the standard Starting equipment of power reactors is insufficient for a number
of reasons (the difficulty of creating a powerful starting source, the high level and broad spectrum of in-
dustrial noise). The laboratory adjustment of the standard apparatus is ineffective, since under laboratory
conditions it is hard to reproduce all forms of interference. The creation of screened rooms for the stan-
dard measuring apparatus, which involves extra laying of cables, the use of independent supply sources,
and so on, are.not justified because of the "one-off" nature of the experiment, since in the subsequent power
mode of operation the noise contribution is insignificant, :

One alternative is the development of additional chamnels in the starting apparatus, the sensors being

disposed in nonstandard places. The reactor shaft might provide such a place in the case of the BN-350
reactor (1, 2], ’ ‘ '

The purpose of the additional channels was to monitor the power of the reactor during all manipula-
tions involving the active zone, Special attention was paid to the creation of highly -stabilized current in-
struments, which have a number of advantages under the condition of low y ~fields encountered in the physi-
cal initiation of the system. '

In developing a reactivity meter, allowance was also made for the various requirements of engineer -
ing psychology; the principal such requirement as regards "man-machine" systems is to present the ‘infor -

" mation in such a way that the operator may correct any deviation from the norm quickly and easily. To this

end a small number of basic instruments have been created such as to present the information in a simple,

-sometimes mnemonic, form. More and more use is now being made of command instruments, an obligatory

condition of which is simplicity of representation of the operating mode monitored, usually in analog form.
A correct solution of the problem is one in which the operator holds the process within specified limits by
acting upon one executive device and using information from one command instrument,

In constructing a command instrument, the main difficulty lies in finding a parameter, to be mea-
sured or calculated, which will, on the one hand, depend on many variables of the process, and on the
other provide an unambiguous representation of the state of the system and the process being monitored,
As regards nuclear reactors, a convenient quantity for use in the command instrument is the reactivity
p = (keff—1)/keff, which depends on many variables describing the behavior of the reactor, and at the same
time may easily be calculated from the character of the time change in the neutron flux, using specialized

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 104-107, February, 1974. Original
article submitted October 22, 1973.
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computing devices (reactivity meters) or standard computers connected to an information-processing cir-
cuit, In reactivity meters the slightly worse computing accuracy is compensated by the possibility of cal-
culating in a real time scale, When the reactor is working in a steady power mode, the role of the reactiv-
ity meter is toprocess information regarding the true state of the reactor and to provide early warning

of the onset of any transient processes. The reactivity meter operates stably with a sensitivity of ~5-1072
cent and allows reactivity effects to be followed when the temperature of the active zone changes by about
0.1°C,.

Monitoring Apparatus for the State of the Reactor

during Physical Initiation

A 23%py_Be starting source with an intensity of 5.3 - 10 neutrons/sec created a neutron flux two
orders of magnitude lower than that required for the reliable monitoring of standard starting apparatus,
In order to bridge this gap, the sensors of supplementary pulse and current instruments were placed in
the reactor shaft, while in the standard blocks (units) of ionization chambers (BIC) more sensitive than
usual chambers and counters were placed, Thesec measures were sufficient for the reliable monitoring
of power during ordinary changes' in the composition of the active and breeding zones.

Three linear pulse channels with SNM-18 counters and three similar channels with KNT -54 chambers
were set in the reactor shaft. All the channels were connected to scaling devices through discriminator
amplifiers, One of the channels of each type had an output to a logarithmic intensity meter and from this
to an automatic recording potentiometer. Provision was made for connecting an acoustic reactor-power
monitoring device fo the system.

In the reactor shaft we also placed four KNK-56 chambers connected to a dc amplifier, with a galvan-
ometer ontheoperator's desk, to a multirange automatic-recording electronic potentiometer with contacts
in the emergency protection (safety) system, to a PAMIR-M reactivity meter with automatic recording,
and to a TIM -2k current power meter, with automatic recording and a pointer device at the output. The
sensors were placed in a polyethylene moderator 50 mm thick and arranged on the puter side of the support
ring of the reactor at the height of the center of the active zone at an angle of 120° to each other.

During the physical initiation period, the equipment of the ionization chamber units included:

1) three linear pulse channels with SNM-18 counters (instead of the designed KNT -54 chambers) with
standard recording equipment and additional scalers for recording the neutron flux over the range
0.1-10% neutrons/cm? - sec, ensuring emergency cover on the "two out of three" principle;

2) three logarithmic pulse channels with KNT -54 fission chambers and with outputs to supplementary
scalers for recording the neutron flux from 5 to 10° neutrons /cm? - sec and for emergency cover
over the period of the reactor on the "two out of three" principle;

3) two linear current channels with KNK-56 chambers (instead of the designed KNK -53) 'with outputs
to multirange automatic-recording potentiometers for measuring the neutron flux over the range
5-5 - 108 neutrons/cm? - sec (current 5-10712-5.107* A) and for emergency cover with respect
to excessive power;

4) one current channel with a KNK-56 chamber and an output to an M-135 galvanometer, the current
measuring range being 2 -10713-3-107 A;

5) three logarithmic channels with KNK-53 chambers to ensure emergency cover over the period of
the reactor on the "two out of three" principle at power levels of 10-10° kW,

The sensitivity of the channels with the SNM-18 counters, determined from the activity of gold foil
in the presence of a 238py —Be source, was 22 pulses/neutron/ cm?; the sensitivity of the channels with the
KNT-54 detectors was about 0.25 pulse/neutron/cm?,

The foregoing apparatus ensured reliable monitoring of the state of the reactor,

The TIM-2k Current Channel

The equipment of the TIM -2k channel has its own reading instrument and an output to an automatic
electronic recorder. For the convenience of the operator, a standard galvanometer on the operator's desk
is connected to the TIM-2k output. :
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The maximum sensitivity of the instrument is 2 -1071% A per scale division, the error in current mea-
surement within the measuring range is +2%. The instrument reliably recorded the change in the neutron
flux during the first charging of the reactor, from a state with keff ~ 0.97 (a KNK-56 chamber in the reactor
shaft being connected to the input of the instrument), The instrument reacted to the movement of all the
control and safety rods, starting from the raising of the first emergency protection rod.

The TIM -2k was used for monitoring the subcriticality of the reactor and any change in the neutron
flux in the subcritical reactor when assembling the critical load, for monitoring the engagement of the con-
trol and safety rods with the executive mechanisms, for monitoring the power of the reactor when operating
in the power mode or in the steady and transient states, ’

The reliable operation of the TIM-2k greatly increased safety in the use of the reactor.

The PAMIR-M Reactivity Meter

The instrument was developed specially for the BN-350 reactor. The dynamic range of variation of
the neutron flux when calculating the reactivity is two decades, a device being incorporated for decade-by-
decade selection of the measuring range., The range of input currents is 1071°210-% A per scale, the sen-

sitivity of the power meter is 10712 A. The range of measurable reactivities is 1 cent. —5 doll. per scale,
the reactivity sensitivity is 51072 cent.

The pass band of the instrument is not worse than 12 Hz for an input current of over 1077 A and falls
with diminishing input current. With the reactor operating in the automatic power-maintenance mode, the
reactivity meter allows the recording of changes in reactivity which lie outside the limits of sensitivity of
the automatic regulator. The reactivity meter has two reading galvanometers (power and reactivity) and -
two outputs to automatic recorders. The current of the ionization chamber is passed to the input of the
power-meter amplifier. ‘

Using the reactivity meter, the following operations may be stably and reliably effected:

1) monitoring changes in p under transient conditions at the physical and power levels of production,
including the monitoring of fluctuations in p during the steady-state operation of the reactor;

2) monitoring the maintenance of p during overcompensations;

3) monitoring the maintenance of a specified rate of change of power or temperature during the manual
regulation of the reactor;

4) monitoring the efficiency of the automatic control system;
5) studying the temperature, power, barometric, and hydrodynamic reactivity effects;
6) studying the efficiency and calibration characteristics of the control and safety rods and packs;

7) passing signals relating to the power and reactivity to the parameter-recording system when study-
ing the dynamic characteristics and the transient modes of the reactor;

~ 8) parallel monitoring of changes in power and reactivity, in order to improve the safe exploitation
of the reactor.

The reactivity meter enables us to derive the calibration characteristics of the control and safety rod
organs rapidly and directly from the automatic recorder strip, as the rods are continuously inserted into
the reactor,

It is also interesting to use the reactivity meter in order to estimate various reactivity effects, for
example, the asymptotic témperature effect (ATER), the void effect, and others, when the effect is esti-
mated from the difference in the positions of the control and safety organs, the efficiency of which is being
determined by the reactivity meter, In this way we obtained the temperature coefficients of reactivity in
the ranges (160-180)°C —3.9- 1075 1/°C and (200-240)°C —3.4 - 107° 1/°C, estimated (together with measure-
ments made over the warming-up period) the reactivity effects on removing the sodium from the active zone
and the end-screens (from the central part of the active zone, from the whole active zone, or from the upper
third of the active zone and their end screens). The reactivity meter records the effect associated with the
simulation of an ejection of sodium from one fuel pack (scale effect 0.0063%). The hydrodynamic effect of
reactivity due to the stopping of one principal circulation pump of the first circuit is about 1 cent, We found
that there was no pbarometric effect associated with the change in the amount of gas dissolved in the coolant
with changing pressure [3]. :
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Under the conditions of the BN-350 reactor, the reactivity meter proved to be an extremely useful
technological instrument, by means of which the operators could readily monitor the reactor in the steady
state and during transient processes, The character of the information obtained from the reactivity meter
outstrips that of other power or temperature measuring devices and greatly improves safety in the use of
the reactor. The unambiguous nature of the algorithm for the control of the reactor by reference to infor-
mation derived from the reactivity meter, and the rapidity of processing of the input information confirm
that the reactivity meter may be classified as a genuine technological command instrument,

During the study of the BN-350 reactor with the PAMIR-M instrument, several hundred measurements
of reactivity were made, It was found that the error in determining p was no greater than 5%, while the
rate of obtaining information was incomparably higher than that of the traditional means of calculating the
reactivity from the reactor warm-up period. In addition to this, the reactivity meter enables us to deter-
mine negative reactivities under conditions in which the traditional methods, suchas thosebasedon the
tdropping" of an absorber, are inapplicable for constructional or other reasons.

Appa'rafus for Measuring the Period

For determining reactivity effects by the niethod of the asymptotic period during the physical initiation
of the BN-350 reactor we used the apparatus described in {4], The period-measuring method was based on
the use of a current integrator as an analog-digital device converting the continuous information into dis-
crete data suitable for subsequent analysis. The apparatus in question was used for estimating the super-
criticality of the reactor, for the calibration of the control and safety devices, measurements of the tem-
perature and sodium void reactivity effects, and the determination of the efficiency of the fuel and screen
packs, :

The authors wish to thank the service personnel and the directorate of the BN-350 reactor and also
all those who took part in developing the apparatus, in the measurements, and in the interpretation of the
experimental results,
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STUDY OF THE RADIATION CONDITIONS DURING THE
STARTING OF THE BN-350 REACTOR .

D. S. Yurchenko, N. D. Tverdovskii, UDC 621.039.538
M. Ya. Kulakovskii, Yu. P. Tsurukin, o

B. G. Romashkin, V. A. Sergeev,

G. M. Sergin, O. D. Bakumenko,

and N, V., Skorikov .

As the BN-350 reactor was being started, the radiation conditions were measured stage-by-stage as
the reactor power increased, This enabled us to predict the radiation conditions on passing from one power
level to another, to estimate the levels of radiation while carrying out technological operations with experi-
mental packs, samples, equipment of the first circuit, and so on, ' "

The program of measurements included: 1) a study of the efficiency of the counteractivation and bio-
logical shielding of the reactor; 2) a study of the efficiency of the biological shielding at the site of the first
circuit; 3) a determination of the fluxes of radiation to the main constructional units of the reactor; 4) at the
stage of physical initiation, a measurement of the levels of radiation in places which would be inacessible
after the reactor had reached nominal power; 5) measurement of the activity of the coolant and the gas sys-
tem of the first circuit.

The radiation measurements ensured the safe conduct of operations when carrying out physical in-
vestigations in the active zone of the reactor (operations with experimental packs, the extraction of the
ampoules containing the indicators, the preparations of the ampoules, and so on),

In this paper we shall present the results of some investigations into the radiation conditions in the
following stages: tests and investigations before starting the reactor; measuremehts at powers up to 1 kW, *
up to 150 kW, and up to 50 kW. ) : :

These investigations enabled us to predict the radiation conditions at the nominal power of the reactor
and to ensure radiation safety when carrying out power initiation.

TABLE 1, Distribution of the v -Radiation Dose Construction of the Shielding
Rate in the Boxes of the First Circuit

for the BN-350 Reactor

Dose rate of
Points of measurement y -radiation, . The construction of the shielding for the BN-
RAec 350 reactor is shown in Fig. 1 [1, 2]. The active
zone of the reactor, 160 cm in diameter and 106
On the heat-insulation surface of a 500 mm 4.5 cm high, is made up of hexagonal packs. The thick-
diameter pipe _ ness of the top and bottom end screens is 60 cm
On the heat-insulation surface of a 600 mm 4,9 each, The lateral breeding zone, 210 cm high and
diameter pipe ‘ 45,2 cm thick, is made up of packs of the same
Pipe section without heat insulation 6.5 dimensions, : Beyond the lateral breeding zone is
On the heat-insulation surface of the heat 2.3 a store for worked-out packs 12 cm thick, Further
excmngeﬁ . the heat exchanger L6 out in the radial direction follow the neutron steel
21::;1: ::im:c:sfnzz th: bzx & 0:6 shield 20 cm thick, a layer of sodium 67.5 cm thick,

the shield of the reactor vessel, made of stainless

Translafed from Atomnaya En‘ergiya, Vol. 36, No. 2, pp. 107-112, February, 1974, Original
article submitted October 22, 1973,
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steel sheets with a total thickness of 7.5 cm, then the reactor vessel, the protective jacket, and the reactor
support, The total thickness of these structures is 6 cm. The support (base) of the reactor is a carbon
steel shield 16 cm thick. An iron-ore concentrate is poured into an annular tank some 100 cm in size. Be-
yond the layer of iron-ore concentrate is a layer of ordinary concrete 300 em thick,

The sodium pipes penetrate the side shield. At the points at which the pipes enter the concrete shield
there is a steel shield and boron-containing concrete to prevent the ordinary concrete from overheating and
to reduce the neutron flux to the concrete. Beyond the concrete shield, all the pipelines of the first circuit
(incoming and outgoing) are bent round in a special box ("neutron trap") to reduce the neutron field at the
point at which the pipelines pass out into the box of the first circuit.

The lower shield of the reactor consists of a pressure collector containing the tails of the packs 90
em thick, a layer of sodium (~250 cm), the reactor vessel and jacket, a layer of carbon steel (~8 cm),
and an iron-ore concentrate (~100 cm); below this follows the concrete base. The lower shield is pene-
trated by the gas pipe for cooling the reactor shaft. At the entrance of the gas pipé into the shield the con-
crete base is protected by an extra layer of steel.

The part of upper shield is played by the heads of the packs in the active zone and lateral screen (~37
cm), a layer of sodium (~320 cm), a steel plate made up of stainless-steel sheets (~70 cm), a layer of
sodium (~100 cm), and also (in the rotating stoppers) a set of carbon steel and graphite layers with a total
thickness of ~180 cm. All the gaps penetrating the upper shield are of the two-stage type. The upper
stationary shield is made of concrete

‘Instruments and Methods of Studying the Radiation Conditions

The system for monitoring the radiation conditions in the BN-350 reactor operates when the reactor
is working on power, during repair work, technological operations and processes (testing the state of the
radioactive systems and sources), and also in emergency situations.
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Fig. 2. Flux distribution (neutrons/cm?
- sec) of the thermal, intermediate, and
fast neutrons (HT, Hy, and Hg) and dose
rate of the 4 radiation P., (uR/sec) on
the surface of the reactor vessel below
the center of the active zone (CAZ), mea-

e sured at a reactor power of ~200 W (Z

j = distance from the center of the active

Zn —§1 . 7 7 o 7 Zone),

pR/sec; neutrons/cm?®s sec

The monitoring of the radiation conditions and the technological monitoring of the radioactive param-
eters are effected continuously by means of stationary remote-control instruments, local instruments (in
certain places), and portable instruments; and also by the analysis of samples in laboratory equipment.
The operative information is concentrated in the central radiation-monitoring panel. The dose rate of v
radiation and the neutron fluxes are monitored in the. servicing, semi-servicing, and service-repair rooms;
so are the content of radioactive gases and aerosols in the air of the working rooms and the ejection pipe,
radioactive contaminants, and so forth [3, 4]. The following radiation-technological parameters are moni-
tored in the BN-350 reactor: the hermetic state of the fuel-element cans, by reference to the delayed neu-
trons in the coolant of the first circuit and the %Kr isotope in the gas cushion of the apparatus; the hermetic
state of the radioactive systems and equipment by reference to the appearance of v activity, radioactive
gases, and aerosols in the cooling systems; the efficiency of operation of the purification systems and the
accumulation of activity in the filters, and also the activity of the gas effluents [4, 5].

In addition to this, any y activity in the packs discharged from the system and passing aldng the
technological transportation tract is duly detected.

Measurement with highly-sensitive y radiometers is carried out in respect of the radiation behind
the shield for reactor powers of a few megawatts; this enables us to predict the state of the shielding when
the reactor is brought up to nominal power, :

Measurement of the neutron radiation in the boxes of the first circuit had to be carried out immediate-
ly after the reactor had been brought up to power, while the level of y radiation from the 2Na.was fairly
low. '

In the prestarting period, in accordance with the general program of investigations, the following
preparatory operations and measurements were carried out: charts were set up for the monitoring points
in the various rooms and in the equipment; the background characteristics were measured; the state of the
shielding in the technological transportation tract was evaluated with the aid of a radiation source; the
monitoring apparatus was prepared and calibrated; additional local instruments were set up; the soundness
of the movable shielding was verified (stoppers, openings, protective doors, ete.). ;

Radiation Measurements for a Power of up to 1 kW

. The neutron and y radiation fluxes falling on the reactor vessel and adjacent parts were measured,

In order to ensure access to the reactor vessel, a temporarily-open assembly aperture in the shaft of the
reactor was employed. The measurements in the shaft were carried out from the instant at which a neutron
source of intensity ~5 -10° neutrons/sec had been installed and during the assembly of the critical mass;
this enabled us to assess the weakening of the neutron flux in simulators situated in the cells of the active
zone and the screen. In the first brief raising of the reactor to a power of ~1 kW the dose rate of y radia-
tion on the surface of the pipelines of the first circuit reached ~0.8 uR/sec, which enabled us to estimate
the activity of the sodium coolant evenon the first occasion of power production and to predict the radiation
conditions in the boxes of the first circuit in any subsequent raising of the reactor power, Ata power of
~200 W we measured the neutron and 4 radiation fluxes in the shaft of the reactor (Fig. 2). The neutron

- flux (referred to nominal power) on the surface of the reactor vessel was estimated as ~2- 101t neutrons

/ cm? - sec at the level of the center of the active zone for a specific loading of the reactor (the inner store
of the apparatus being filled with steel simulators), and at the level of the inlet pipelines ~ 7 - 1020 neutrons
/ cm? .sec. It should be noted that, on charging the inner store with worked-out packs of the active zone,
the neutron fluxes behind the reactor vessel may rise to ~1.5- 10!2 neutrons/cm? - sec.
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Fig. 3. Distribution of the dose rate of y radiation from the measuring pack after
irradiation at a power of ~150 kW in the radial (R) and vertical (Z) directions
(see scheme of coordinates of the points of measurement): 1) Z = 0; 2) Z = 0.53; 3)
7 =1.25;4) Z = 1.75; 5) Z = 2.25; 6) Z = 2,655 7) Z = 3.25; 8) Z = 4.25; 9) Z = 5.75.

Fig. 4. Distribution of the dose rate of the y radiation along the surface of the
stainless steel ampoule after irradiation at a power of ~150 kW for various holding
‘times (Z is the distance from the center of the active zone): 1) 13 h; 2) 16 h; 3) 36 h;
4) 63 h; 5) 320 h.

Radiation Conditions While Carrying Out Physical Investigations

During the physical investigations in the BN-350 reactor (based on activation detectors) the energy-
evolution and neutron flux distributions were measured. The principal operations in which special mea-
sures had to be taken to ensure normal radiation conditions were those associated with the extraction of the
detectors from the measuring packs, Operations relating to the disengagement of the indicator ampoules
and measuring pack were carried out manually,

In order to ensure normal radiation conditions above the shield, only the head of the pack was raised;
the maximum dose rate of y radiation then reached ~5 yR/sec at a distance of 0.5 m from the head of the
measuring pack of the active zone after the reactor had operated at a power of ~150 kW, and the induced
56Mn activity was then determined. During the preparation of the indicator ampoule, also situated in the
shield, the dose rate of y radiation was determined by the activation of the aluminum linings, and equalled
~5 uR/sec on the surface of the linings situated in the center of the active zone (on irradiation at a power
of ~150 kW), ) s

The results of long-distance measurements of the dose rate of y radiation from the measuring pack
and stainless-steel ampoule are presented in Figs. 3 and 4. The fall in the dose rates of y radiation in the
vertical direction is associated with the presence of the end screen and the increase in self-absorption.
The rise in the dose rates of ¢ radiation at the boundary separating the active zone and the end screens
from the stainless steel ampoule is due to an increase of the capture cross section in the *Mn,

Activity of the Coolant of the First Circuit and the Gas

Blanket of the Reactor

In order to determine the activity of the coolant of the first circuit at a power of ~150 kW, sodium -
samples were taken and subjected to ¢ spectral analysis in a laboratory installation with a semiconducting
detector, and the dose rates of the y radiation from the samples were also measured with a ¢ radiometer.
The activity of the coolant, referred to the nominal power of the reactor, is ~16 Ci/liter, in good agree-
ment with calculated data (~15 Ci/liter). Inorder to monitor the hermetic state of the fuel elements, sam-
ples were taken from the gas blanket of the reactor, passing through the standard gas-sampling system into
a DZ-20 gas chamber. The measurements were carried out at a reactor power of up to 50 MW. '
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When the reactor was operating at a power of ~150 MW (coolant temperature ~350°C, main circula-
tion pumps of the two loops of the first circuit working at 250 rpm), the activity of the 2*Ne and %A r was
respectively ~107% and ~1.5-1077 Ci/liter. ' '

With the apparatus working at a power of ~50 MW, in the gas blanket of the reactor we found an activ-
ity of 10-f-10~7 Ci/liter in long-living isotopes , due to surface contamination of the fuel elements. The
activity of the gas depends on the operating conditions of the main circulation pumps and the temperature
of the coolant, ’

Radiation Conditions in the Boxeés of the First Circuit and

behind the Biological Shielding

. In order to predict the radiation conditions in the boxes of the first circuit and compare the design
data with the actual results, we measured the y radiation dose rates on the surfaces of the equipment, the
pipelines of the first circuit, the walls and box coverings, and also the neutron fluxes around the pipelines
at the entrance into the neutron-trap room, with a reactor power of up to 150 kW,

The results of the measurements, extrapolated to nominal power, are presented in Table 1,

After bringing the reactor up to power, the y radiation dose rate due to the 23Ne was measured almost
immediately (< 5 min) on the surface of the pipe coming out of the reactor, The y radiation dose rate, re-
ferred to 1000 MW, was ~3-10% uR/sec (with the loops operating in the nominal mode).

The neutron flux measured at a power of ~150 kW at the entrance into the neutron trap (referred to
nominal power) equalled ~2 - 10° neutrons/cm? -sec around the incoming pipes. The neutron flux around the
incoming pipes at the reactor vessel amounted to ~7- 101% neutrons/ cm?-sec, Thus on the straight part of
the pipe ~4 m long the weakening of the total neutron flux was ~3.5° 10°. At the outlet from the neutron
trap (inlet into the box of the first circuit), according to estimates based on measurements at a power of
~1 MW, the neutron flux is 10? neutrons/cm? -sec. For complete charging of the inner store, the neutron
flux may increase by roughly a factor of six. The efficiency of the biological shielding of the apparatus and
the boxes of the first circuit was checked at each reactor power level, In individual places, local gaps in
the shielding were detected, and additional shielding was accordingly installed. On measuring the y and -
neutron radiations behind the shielding of the boxes and the apparatus at power levels up to 50 MW, no fields
of radiation with an intensity above the threshold of sensitivity of the instruments were observed; hence,
when the reactor passeé to nominal power, it is not expected that the limiting permissible levels of pene-
trating radiations [6, 3] will be exceeded behind the biological shielding of the boxes and apparatus. '

In measuring the activity of the gas and the aerosols and the dose rates in the cooling systems (boxes
“of the first circuit, coolant of the second circuit, and so on) no fluxes of radiation or activity above the sen-
sitivity threshold of the apparatus were found; this indicated a hermetic state of the radioactive systems of
the equipment.
CONCLUSIONS
1. The results of the radiation measurements confirmed the main design values of the levels of radia-
tion, ’

. 2. Estimates of the activity of the sodium based on direct measurements and measurements of the
dose rates of ¢ radiation on the surface of the pipelines were in satisfactory agreement with calculated
data; the value of the activity extrapolated to the nominal reactor power equals ~16 Ci/liter.

3, The efficiency of the shielding around the passages of the pipelines in the first circuit was quite
satisfactory; it is expected that the neutron flux in the boxes at nominal power will be considerably below
the design value.

4. The results of our measurements of neutron and vy radiation fluxes ata power of ~150 kW on the
outer surfaces of the reactor and the boxes of the first circuit show that no defects occur in the shielding,
apart from individual local defects associated with the assembly of the system,

/5. The level of irradiation endured by personnel when working on the extraction of the measuring
packs and the preparation of the ampoules containing the indicators was no greater than the permitted daily
dose. .
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6. The foregoing measurements are only part of a general program of 1nvest1ga.t1ons into the radiation

conditions of the BN-350 reactor.

The next stages will be enacted after the reactor has passed into power production and been used for

a considerable period,
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THE A-1 STATION, CZECHOSLOVAKIA'S FIRST ATOMIC
POWER STATION, WITH THE KS-150 HEAVY-WATER
REACTOR (DEVELOPMENT AND CONSTRUCTION)

V. M. Abramov, B. B. Baturov, UDC 621.039.524 46,034.3
N. V. Bogdanov, V. F., Zelenskii, :

V. E. Ivanov, B. L. Ioffe,

G. N. Karavaev, V, A. Mitropolevskii,

M. M. Pchelin, P. I. Puchkov,

Yu. N, Remzhin, G. N. Ushakov,

P. I. Khristenko, J. Keger,

J, Kelner, M. Kozak,

A. Komdrek, K. Kostovsky,
V. Patrovsky, C. Skleniéki,
L. Tomik, A. Sevéik,

~and V. épet'ko

The A -1 station, the first atomic power station in Czechoslovakia, with a power of 150 MW (Figs. 1
. and 2) was put into operation at the end of December, 1972, at Jaslovské Bohunice.

The purpose of this atomic power station, built through the efforts of Czechoslovakian and Soviet
specialists, is not only to produce electrical energy but also to obtain and accumulate the éxperience neces-
sary for the further development of the nuclear power industry.

The Reactor

The A-1 station houses the KS-150 vessel-type heavy-water reactor, which is gas-cooled and operates
at a gas pressure of 65 abs. atm [1-4]. The fuel used is natural metallic uranium.

The use of heavy water, together with the high thermal loads (60 kW /kg) and the high burnup values
(more than 1.0%) attained in the fuel elements developed for this reactor, makes it possible, thanks to a

o

mic power station,

Fig. 1. The A-1 ato

Translated from Atomnaya Energiya, Vol, 36, No. 2, pp. 113-124, February, 1974. Original
article submitted October 4, 1973. :

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for $15.00.
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good neutron balance, to reduce the amount of uranium re-
quired for the initial fuel charge (23 tons of natural uranium)
and ensure low uranium consumption per kilowatt of electri-
cal energy generated, At the same time, the investment
cost of the power station is increased by the need to pur-
chase heavy water and by the more complicated flow dia-
gram of the station.,

, The construction of the atomic power station was a
joint endeavor by Soviet and Czechoslovakian industry, It
was the Soviet Union that developed the technology of pro-
ducing metallic-uranium fuel elements designed for high
burnup, thermal stress, and temperature under conditions
of high dynamic heads in the gaseous coolant; the production
of aluminum and zirconium alloys and thin-walled tubes
made of these alloys; the manufacture of large aluminum
tanks to hold the heavy water and of the metal billets for
these tanks; the manufacture of leak-proof heavy-water
pumps operating at a pressure of more than 60 abs. atm;
and the development of jacket leak monitoring systems
(JLMS) and control and protection system (CPS).

Fig. 2. General view of the reactor
room of the power station, showing the
recharging apparatus.

It was the Czechoslovakian Socialist Republic that
mastered the extremely complicated production of steel ves-
sels more than 5 m in diameter and about 20 m high and
operating under a pressure of 65 abs. atm, the manufacture
of the discharging and charging apparatus (DCA), which made it possible to recharge the reactor while in
operation, and the manufacture of turbocompressors of high capacity and power (up to 5 MW and a pressure
of 65 abs. atm), steam generators, the piping and fittings, and the special measuring instruments,

The construction of the KS-150 reactor is a great achievement of Soviet and Czechoslovakian technical
ingenuity and production capacity.

The technical design of the reactor, the fuel elements, and the station as a whole (Table 1) was worked
out by the Experimental Design Office of the Leningrad Metal Works, the Khar'kov Physics and Technology
Institute, and the Leningrad division of Teploélektroproekt. The scientific guidance for the project and the
development of its physical part were handled by the Institute of Experimental and Theoretical Physics., A
large group of Czechoslovakian specialists from the Skoda Works and the Prague Energy Design Office took
part in the preparation of the project.

A second type of scheme, using not a vessel reactor but a tube reactor, was also considered in the
preparation of the project. However, development of the tube reactor was later discontinued because its
design had been found unreliable: there was a possibility of bursting of the active zone if one of the fuel
channels immersed in water and kept at a coolant-gas pressure of 44 abs. atm was ruptured under water
by the gas (Fig. 3).

Physical Characteristics of the Reactor

MOQETAtOT .+ v v v v o oo o a e o oo v s noosossonsonaesaes s Heavy water
(H,0 up to 0.36%)*
Volume of heavy water (not including communicating pipes) ... 54 m?®
Weight of natural uranium . .. ........ e 23 tons
Radius of ACtiVE ZONE . . o v i o v vt e i a e s e e 178 cm
Height of active ZONe . . . oo oo v vt v ieoe e ieee s 390 cm
Thickness of side reflector . ... ... oo o vov oo 42 cm
Pitch of squarelattice . ... ..o oo v v oo e 26 cm

* Actually, from October 1972 through June 1973 the concentration of heavy water decreased from 99.9%
to 99.49, owing to the entry of water and hydrogen. It is expected that in 1974 a regeneration unit will be
installed to increase the heavy-water concentration.

i
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TABLE 1. Power and Structural Characteristics of the Reactor

(Design Values)

Characteristic

Nominaloperation, -
temperature

at surface of

fuel element 500°C

Initial period,
temperature at
surface of fuel
element 450°C

Gross electrical power, MW
Power required by turbocom-
pressors, MW ‘
Thermal power of reactor (on the
basis of gas), MW .
Thermal power of reactor on assumption
of 8,2% * heat release in the heavy
water, MW
Energy density, kW/kg
average
maximum
Rate of coolant flow throughreactor
channels, kg/sec
Pressure of coolant in pressure chamber
of reactor, abs, atm '
Pressure of coolant in hot plenum of
reactor, abs, atm
Pressure loss between pressure chamber
and . hot plenum atm ‘
Pressure loss of entire first loop, atm
Temperature of coolant in pressure
chamber of reactor, °C
Coolant temperature in hot plenum, °C
Dynamic heat of coolant in central
channel, kg/m?
Rate of flow of moderator through reactor,
tons/h ' :
Moderator temperature at reactor inlet, °C
Moderator temperature at reactor outlet,°C
Maximum diameter of vessel cover; mm
Height of vessel (from base to top of fuel
channels), mm
Total weight of reactor, tons

" Number of fuel channels with thermocouple

rods

143,3
22.6

558,7

610-

23.3

51,3
1526
65

55,5

9,5

11,4
112

427
7500

930

40

90
5450
22,450

1400
38

is approximately 6% (as determined from operating experience),

112
20,2

463

505

19,3
42,6
1474

65 5
56,7

8,32

114

384

* Actually the heat release in the heavy water, including heat transfer from the gas,

The reactor contains a central zone and a peripheral zone of fuel channels, differing in channel diam-

eter, in the amount of uranium, and in the density to which the channel cross sections are filled with ura-
nium (Fig. 4). .

the power of the reactor.

140

Central Zone

Number of chamnels . .. ........c0vivnnn 44
Outer diameter of caisson tube, em ........ ... =~ 12.8
Thickness of caissontubewall, ecm ........... 0.395
Inner diameter of shield tube, ecm .......... . 11.2
Thickness of shield tube, cm. .. .. e e 0.1
Number of fuel rods in assembly ...... e 75
Coefficient of filling of assembly cross section
withuranitim . ... oo vt it ovra v oo onnoncss 0.24

~

The use of two zones makes possible the physical and thermal balancing of energy rélease, increasing

Peripheral Zone

104
11.5
0.355
10.0
0.1
63

0.252
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Fig. 3. Destruction of underwater tubes kept at a gas pressure of 44 abs. atm after rup-

ture of one tube (the photograph shows the tubes and the lower positioning grid).

Fig. 4, Schematic diagram of the active-zone lattice of the KS-150 reactor: 1) outer
boundary of peripheral zone: 104 DU100 channels; 2) outer boundary of central zone: 44
DU112 channels; 3) 4 channels for emergency rods; 4) 4 channels for regulating rods; 5)
32 channels for shutdown rods; 6) 6 outlet tubes; 7) 6 inlet tubes.

The diameter of the uranium core of a fuel rod is 6.3 mm. The jacket of a fuel rod is 0.045 cm thick,
finned, and made of magnesium containing 2% beryllium,

The characteristic feature of the active zone of the KS-150 reactor from the viewpoint of design is the
large diameter of the fuel assembly, a result of which is a substantial difference between the distribution of
the thermal-neutron density in the cell and the distribution calculated by the diffusion theory (the distribu-
tion of fast-neutron density in the cell is also nonuniform).

The results obtained in the calculation of the critical dimensions by the method of [5] were collected
on the basis of experimental data obtained on a critical test stand [6], where the values of the critical Lap-
lacians at various pitch values were determined for fuel-element lattices closely resembling those used in
the KS-150 reactor. In addition, the distributions of thermal-neutron density over the fuel assembly and
moderator were measured in individual experiments [7, 8].

The main physical characteristics of the active zone of the hot KS-150 reactor, poisoned and slagged
with samarium and rhodium, are shown in Table 2, The average moderator temperature was taken to be
70°C, the average uranium temperature 400°C, the H,O content of the D,0 0.36% by weight, and the CO,
pressure 55 abs, atm, :

Thus, according to the calculations, the reactor, in a state where it is hot, poisoned, and slagged
with samarium and rhodium has a reactivity excess of p = 0,035.

As shown by the results of a critical experiment [9, 10], for the physical startup of the reactor the
true reactivity excess must be somewhat higher (by 0,001 -0.003).

If we assume that for startup of the reactor after a brief shutdown without falling into the iodine pit
we must have a reactivity excess of p = 0.016 (which corresponds to a 30-minute shutdown at zero power),
then the reactivity excess* at burnup is 0.021, which corresponds to an average burnup value of 3700 MW
.days/ ton in the discharged fuel in continuous-recharging operation. The concentrations of ¢33y, 23%py,
240py, and 24py in the discharged fuel will be 3800, 2000, 360, and 70 g/ton of natural uranium, respec-

tively.

* In operation with no reactivity excess for shutdown the average burnup value is 5500 MW - days/ ton,
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TABLE 2. Main Physical Characteristics of the Reac-
tor Active Zone

_ Parameter Central zone | Peripheralzone
Probability of avoiding resonance 0,886 0.906
absorption in the 8y )
Probability of avoiding resonance 0,9974 0,9980
* absorption in the zirconium
Fast-neutron multiplication factor - 1,039 1,035
Absorption of thermal neutrons:
in the magnesium , 0,4+ 10~? 0.4+10-%
in the aluminum : 3,5.10"* | 3,3.107
in the zirconium 0.8+ 107¢ 0,8+ 1072
in the moderator 1,6+ 10-% " 2,0010-7
Poisoning 3,2.10"° 3.2.107%
Slagging with Sm and Rh 0,87 1072 0.8+ 10"
Multiplication factor, Keo 1,085 1,106
Critical multiplication factor, Ker 1,050 1,070
Mean-square migration length 345 360
ME=LP+, cm?®

Note, The thermal-neution absorption values are taken in relation to
thermal-neutron absorption in natural uranium,

Because of the present uncertainty in the constants for uranium and plutonium, the burnup values may
be in error by +25%.

The system of regulating rods and shutdown rods of the reactor (RR and SR) forms a rectangular lat-
tice with a pitch equal to twice the pitch of the fuel -element lattice. In addition, four emergency protection
rods (EPR) and four additional shortened rods are arranged outside the lattice. The SR system must ensure
reliable "shutdown" of the cold reactor with fresh fuel which has a reactivity excess of p = 0.08.

In calculating the effectiveness of the individual shutdown rods and regulating rods [11], allowance
was made for their interference with one another, which, for the geometry used in the reactor, was found
to be positive and fairly large about 20%). Calculations showed [12] that a cold reactor with the SR lattice
inserted has a negative reactivity (p = —0.085), i.e., that the SR lattice shuts down the reactor when it has
1.8 times the normal excess. The reactivity values of individual emergency protection rods and regulating
rods for full insertion were found to be 5.9- 1073 and 2.9-107°, respectively.

For calculating the strength and service life of the reactor vessel, it is necessary to know the flux of
fast neutrons with energies greater than, or of the order of, 1 MeV. Inthe KS-150 reactor the vessel is
separated from the active zone by a thick heavy-water reflector (approximately 40 cm thick) and a steel
shield 10 cm thick, Fast neutrons undergo 5-10 collisons as they pass through the heavy-water reflector;
therefore, for a sufficiently accurate calculation of the fast-neutron flux hitting the reactor vegsel we can-
not confine ourselves to the age-theory approximation (or to taking account of direct streaming alone) but
must solve the kinetic equation, Calculation for a flux of fast neutrons with energies higher than 1 MeV
hitting the inner surface of the vessel at the point where the flux was maximum yielded a value of & = 4.5
.10% om™ -sec~!, The energy spectrum of the fast neutrons in the vessel was calculated.

If 2 value of &t = 3-10'8 cm™ is taken [13] as the permissible value of the integral flux of neutrons
with energies over 1 MeV in the reactor vessel, then the service life of the vessel will be 26 years (as-
suming a load factor of 0.7 for the station). Another method of determining the permissible service life
of the vessel is based on the assumption that the amount of change in the elastic properties of the steel is
proportional to [ ®(E)EdE. The caleulated service life of the vessel, based on this assumption, on the
known neutron spectrum, and on a maximum integral effective neutron flux of [S(E)EWE/ E)t=5.6-10
cm, where E = 2 MeV, will be 21 years.

Overall views of the reactor and a fuel channel are shown in Figs. 5 and 6. An aluminum tank con-
taining heavy water is situated inside the steel vessel. Through the tank run caisson tubes containing the
fuel -element assemblies. Above the heavy-water tank is a zone intended for shutdown cooling of the fuel -
element assemblies after they have been withdrawn from the active zone and before they have been placed
in the discharging and charging apparatus (DCA).
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Fig, 5. Longitudinal cross section of the reactor: 1) heavy-water

inlet; 2) steel shield; 3) CPS; 4) ionization chamber; 5) shutdown cool -
ing zone; 6) coolant inlet for cooling the parts of the reactor; 7) reactor
vessel; 8) external protection; 9) outlet for explosive mixture; 10)
graphite shield; 11) coolant inlet; 12) water shield; 13) heavy-water out- .
let; 14) heavy water; 15) fuel channels; 16) heavy-water tank; 17) hot
plenum; 18) coolant outlet; 19) lower shield; 20) concrete shield; 21)
outlet of JLMS tubes,

The high-temperature gas cooling of the reactor is carried out by means of a narrow annular inter-
layer of insulating gas between the shield of the fuel assembly (see Fig. 6) and the calsson tube of the fuel
channel, separating the descending hot gaseous coolant from the cold heavy water,

The fuel-element assemblies are held by movable shafts passing through the plug of a biological shield
with a closing plug. Thus, the DCA extracts the assemblies from the reactor together with the plugs and
the shaft; a single operation with the DCA is sufficient to remove the depleted assembly and replace it with
a new one, ' ' ' ' )

The gaseous coolant entering the channels is regulated by means of a slide and the movable part of
the plug of the biological shielding, whose actuator is connected to the outside through a packing gland in
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Fig. 6 , Fig. 7
Fig. 6. Diagram of fuel channe]: 1) assembls_/ of fuel
elements; 2) shield tube; 3) caisson tube; 4) thin
movable shaft; 5) slide; 6) biological -shielding plug;
7) closing plug; 8) spring; 9) cover of reactor vessel;
10) thick shaft; 11) cutoff tube; 12) inlet damping grid;
13) cover of heavy-water tank; 14) level of heavy water.

Fig. 7. Damping fins at coolant-gas inlet to fuel chan-
nel,
A

the closing plug of the fuel channel, When a fuel-element assembly, together with the plugs, is taken out

by the DCA, the slide is covered by means of a spring which raises the cutoff tube, and the flow of gas
through the channels for cooling the fuel elements takes place through the DCA, which is connected to the
gas in the high-pressure part of the reactor. When the assembly is lifted into the shutdown cooling zone,
the gas flow rate through it may be sharply reduced by the slide arrangement. The DCA loads the assembly
only into the shutdown cooling zone, The fuel-element assembly is lowered into (and raised out of) the
active zone by supplementing the thin shaft with a thick one, using a special crane with a hftmg capacity of .
5 tons. The plugs are packed with special fluoroplastic gaskets and are kept in place by stops and nuts,

All of these operations are carried out by remote control. The thin shaft and the shaft for controlling the
slide are fitted with cup packings, also made of fluoroplastic.

In an experimental test of the fuel-channel design on the test stand of the Leningrad Metal Works, it
was found that catastrophic vibrations of the thin shaft with the fuel-element assembly took place when the
shaft was in the shutdown cooling zone, as a result of movements of the coolant gas, A simple and reliable
solution was found for avoiding such vibrations: a special array of fins was installed at the gas inlet to the
fuel channel, damping the flow, by gplitting it up into parallel streams (Flg 7-and designation 12 of Fig. 6).

" The maximum temperatures of the gas and of the fuel -element cores are measured by means of
thermocouples whose connections are led out of the reactor along the thin and thick shafts. Special cable
thermocouples were designed for this purpose.
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N » The fission-fragment activity of the gas at the outlet from the chan-
nels is measured by drawing off part of the gas from each channel through
PR a settling tank to special filters and determining their cesium and rubid-
/ ium activity in a special apparatus of the JLMS,

. The temperature-measurement and JLM syStems give a complete
picture of the status of fuel-element charging in the reactor. However,
during the initial period of operation a number of difficulties arose: con-
tamination of the surface of the fuel rods by uranium was found to be
_higher than the design value, thus reducing the sensitivity of the JLM
system, and the distorted variation of the reactor field as a function of

_height when the excess reactivity was suppressed by means of compensat-
ing rods during the initial period of operation introduced some uncertain-
ty into the readings of the fuel-rod thermocouples.

The reactor vessel, which has a removable cover, contains not only
) " the active zone but also the shielding, the baseplate of the tank, and other
parts. The minimum thickness of the vessel wall is 150 mm, and the
maximum thickness (in the zone of the lower pipes) is 375 mm, The ves-
] " gel was made from a special low-alloy steel developed in the Czechoslov-
akian Socialist Republic. It is a complex engineering structure. The
development of its metallurgiacl and technological parts and the investi-
gation of its brittle strength, which is a matter of exceptional importance,
were carried out with the participation of Soviet specialists.

The heavy-water tank is also a complex structure. The outer diam-
eter of the tank is 449 cm, the height is 572.5 cm, and the thicknesses of
the side walls and bottom are 40 mm and 100 mm, respectively. The top
and bottom parts of the tank contain aluminum plates to ensure that the
water circulating in the tank is uniformly distributed over its cross sec-
tion, -

The space above the surface of the heavy water is designed for de-
gassing it in the event of a gas-pressure drop in the first loop, which is
comnected to the degassing space through slits in the cover of the tank,*
/’ and to collect the explosive mixture formed during reactor operation.

The tank is made of Avial, a special SAV-1 aluminum alloy. Some
" parts were manufactured in USSR factories. The final welding of the
. tank was done at the station. The tank and a number of parts were sub-
6 jected to "plasticizing heat treatment” (developed by the Polzunov Central
/ Boiler and Turbine-Research Institute of Leningrad,, to prevent embrittle-
' " ment of the alloy when it was heated for long periods.

The control and protection systems of the reactor consist of four

" emergency rods, 32 shutdown rods, and four regulating rods.” The rods
are placed between the fuel channels and are directly immersed in the
water. They are raised and lowered by means of vertical motors built
into the CPS channels and a "steel-bolt-and-graphite-nut" mechanism,

Fig. 8. Assembly of fuel
elements with spacing
sleeves: 1) spacing sleeves; v
2) fuel rods; 3) head; 4) thin An absorbing rod operates at a surface pressure of 65 atm and a
shaft; 5) shield; 6) trap. temperature of up to 250°C. The rod consists of an inner Avial tube

. (SAV-6) 57 mm in diameter and with a wall thickness of 3.5 mm, having
annular recesse.s which hold cadmium inserts 1.5 mm thick; the thick tube is covered with a thin tube of
SAV-1, after which the entire assembly is drawn out and welded together.

The construction of the reactor's biological shield and thé fast-neutron shield of the support structure
of the active zone (the steel plate under the Avial tank) was made more difficult by the fact that they had to
be made of nonhydrogenous materials (to avert the danger of isotope exchange with the heavy water), The

* Heavy water is saturated with carbon dioxide at an operating pressure of 65 abs. atm and a temperature

of 90°C.
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«

Fig. 10, Putting together an assembly
in the shop.

end -of-cylinder shielding was constructed in the form of

~ alternating layers of graphite and steel, The fast-neutron
shielding of the side walls of the vessel consists of the
heavy-water side reflector and a shield of steel plates,
and the shielding for the steel plate under the tank is
graphite,

Fig. 9. View of assembly, with spacing
grids rigidly attached to the shield tube,
after testing,

The gas enters the reactor from above and is removed from below through 12 tubes 300 mm and 500
mm in diameter,

Gas from the pressure chamber of the reactor (first loop), in amounts up to 18 tons/h, is pumped -
under the surface of the heavy water. Next the gas enters the apparatus for burning the explosive mixture
with a palladium catalyst, after which it returns to the first loop. - The heavy-water losses accompanying
the leakage of carbon dioxide gas from the first loop, which result from the combination of this loop with
the heavy-water loop, are kept within bounds by condensers set up beyond the devices used for burning the
explosive mixture; the latter are cooled by water at a temperature of up to 23°C.

During the initial period of operation the carbon dioxide gas losses were reduced from 300 kg/h to
70-100 kg/h, and after seven months of operation of the station (including the period of the physical start-
up, the filling of the system with heavy water, open-circuit running, etc), the heavy-water losses totaled
about 500 kg.

The gas-pressure drop between the gas inlet into the fuel channel and the gas outlet from the channel
(9.5 atm) acts upon the tank baseplate through the bottom of the Avial tank. The high-pressure portion of
the shell is separated from the low-pressure portion by ring packing operating on the "dry friction" prin-
ciple. The caisson tubes are at external pressure, which prevents the possibility of any dangerous effects
resulting from underwater tube failure,

Fuel Elements and‘Assemblies

The construction of a fuel-element assembly is illustrated in Fig. 8. A bundle of thin rods (fuel ele-
ments) made of natural metallic uranium is arranged in a circularly symmetric pattern; the coolant cross
section passing through between the elements is profiled to match the variation in energy output with the
radius of the assembly [14]. The diameter of the uranium core is 6.3 mm, and the active length is 3,9 m.
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The protective covering, made of magnesium —beryllium alloy 0.45
mm thick, with 12 longitudinal fins 0,7 mm high and with titanium
tips, is firmly attached to the core. The beryllium content of the
covering is 2%. The bundle of rods is arranged in a tube made of a
zirconium alloy with admixtures of copper and molybdenum. The
rods are suspended from a plane steel grid, guaranteeing free pas-
sage of the coolant into the assembly.

The spacing of the rods is arranged by means of special sleeves
made of the same zirconium alloy. The sleeves are stamped out of
‘sheet metal 0.3-0.4 mm thick and then are welded into compartments
with a trapezoidal cross section, The sleeves are attached to each
rod by means of cylindrical brackets, and spaces are left in the fins
for this purpose,

Six sets of sleeves, separated by distances of 650 mm between
the sets, are arranged along the height of the assembly. The height
of the sleeves from the top set to the bottom set increases from 30
mm to 80 mm, owing to the variations in the differential growth of
the rods when they are irradiated in the reactor. A trap grid is at-
tached to the lower part of the shield tube,

This construction of the assembly makes it possible for the
rods to move freely and independently along the assembly during
elongation or contraction due to radiation and heat. Each sleeve can
slide freely along the adjacent sleeves. "Swelling" of the rods under
irradiation takes place within the sleeves, and for this reason their
attachment clamps are mounted in the spaces on the fins of the rods
with appropriate gaps. This construction also protects the rods from
distortion,

Designing and constructing the fuel elements and assemblies
proved to be one of the most difficult problems, For this purpose,
extensive technological investigations and experimental studies with
full-scale assemblies were carried out on the KS-60 loop and on test
stands in the USSR. The result was that investigators made practi-
cal tests of the design, carried out gas-dynamics and vibration tests,
as well as heat-transfer and corrosion investigations, and, most im-
portantly, examined problems involving the stability of the assemblies
under operating conditions,

The KS-60 loop, with two full-scale channels operating at a
pressure of 65 abs, atm, is a model of a gas-cooled reactor. Itwas
used for studying problems involved in the operation of the first gas

Fig. 11. Fuel-element assembly loop of the reactor, the sealing of the gas blowers, and the removal
irradiated in channel M-12 of the  of dust, oil, and other impurities from the gas, which was very help-
reactor. (The top part of the as- ful in the startup of the atomic power station.
sembly is shown at the left, the ) ) )

i i h d
bottom part at the right.) Figure 9 shows the original design of the assembly, with a ro

core diameter of 4 mm and a smooth covering 0.45 mm thick; the
spacing grids were rigidly connected to the shield tube and placed at
a distance of 500 mm from one another, after testing for 466 h at a carbon dioxide gas temperature of 450°C
and a dynamic head of 6000 kg/m? (1964), The assembly failed because of the rigid attachment of the spacing
grids to the shield tube; the failure was further aggravated by the fact that water had accidentally gotten in-
to the test stand.

The design finally adopted for the project, with larger-diameter rods, a finned covering, and spacing
sleeves, considerably reduced the production cost of the rods and eliminated the defects mentioned above.

The KS-60 loop was used for conducting a long series of tests on full-scale assemblies with various
arrangements for the spacing of the rods (grids, sleeves of various designs, fins, etc.), at various temperature
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LrhLy, n{H) e ' ) . ~ and gas-dynamics conditions and with various thermal
511 . = loads of the uranium, The temperature of the bars in
500 . ’;i: < the investigation reached 520°C, the temperature of
20 074_ tg the cores reached 600°C, the dynamic head of the cool-
skY ant reached 12,000 kg/m?, and the energy stress of
92 | g "the uranium reached 80 kW /kg,
0ot 0% ) = 00 700 300 ’ . )
Distance along height of rod, cm The main result of these studies and investiga-
‘ tions may be said to be the experimentally demon-
Fig. 12, Variation of the elongation, Al/I, of strated possibility of achieving an average burnup
rod-type fuel elements and variation of core value of up to 10,000-15,000 MW -day/ton in rod-type
temperature as functions of height at a maxi- fuel elements of metallic uranjum with a magnesium
mum energy stress of 52 kW/kg. ~beryllium covering at covering temperatures of up

. . to 500°C, dynamic heads of up to 10,000 kg/m?, and
energy stress values of up to 80 kW /kg of uranium.

However, attaining such burnup values appa.renﬂy requires increasing the thickness of the jackets
and strengthening the cores in order to reduce their growth under irradiation. ‘

The fuel elements, the shield tubes, the material for the spacing sleeves, the thin shafts, and the
thermocouples for the fuel elements are supplied to the Czechoslovakian Socialist Republic from the Soviet
Union. The heads, sleeves, and protective and closing plugs of the fuel channels are manufactured in
Czechoslovakia.

A special shop has been established at the A-1 station for putting together the fuel-element assemblies
(Fig. 10). ’

The heat-generating assemblies, inserted into the reactor in October, 1972, were subjected to open-
circuit running and a physical startup. From December;, 1972, to July, 1973, the average burnup value in
the assemblies was 1500 MW -days/ton, and the maximum value was 2700 MW .days/ton. One assembly,
whose JLM system readings exceeded the norm by a factor of 3, was removed from the reactor.* A total
of 10,000 rods were inserted into the reactor, and only one of them was found to be out of order after test-
ing which lasted more than one-third of a reactor run, This may be regarded as a very encouraging result.

Figure 11 shows an experimental assembly irradiated in the reactor; it had been tested in order to
assess the possibility of using uranium rods with very negative "growth indices" (from —6 to —10) in the
reactor. An average burnup value of 900 MW .days/ton and a maximum of 1750 MW~ days/ton were at-
tained with this assembly at core temperatures of 100-400°C. After testing, all the bars were found to be
shorter, on the average, by 0.5%. The appearance of the assembly was entirely satisfactory.

The first charges of the fuel elements are considered experimental. Their testing is being carried
out according to a special joint program prepared by Soviet and Czechoslovakian experts. '

The bulk of the rods in the first charges had growth index values of —3 to —6. Repeated tests of such
fuel elements on the KS-60 loop, under standard conditions but with temperature cycles once a day, indi-
cated that the rods increased in length at burnup values of more than 1000 MW .days/ton.

" The relative elongation (Al /1) of the operating rods depends on the core temperature; the character-
istic curve, obtained on the loop at an average burnup value of 2400 MW -days/ton, is shown in Fig, 12,
The maximum elongation values are found in the region of ~350°C core temperature. At average burnup
values of 3000~4000 MW -days/ton the elongation of the rods in the loop assemblies was 5-7%; this was
taken as the design allowance for elongation in the standard assemblies of the reactor.

Principal Equipment of the Atomic Power Station

. The station includes one reactor and three steam-generator -and-turbine units each capablé of pro-
ducing 50 MW of electrical power. : ) )

The steam generators, of the "tube-in-tube" type, were designed and manufactured in the Czecho-
slovakian Socialist Republic. The steam generator has a single-pass scheme on the gas side, The gas
moves from the top toward the bottom, while the water moves from the bottom toward the top. On the
steam-and-water side the steam generator consists of the following elements (11sted in the direction of

* Examination revealed a corrosion spot about 5 mm in diameter on one of the rods.
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water motion}: common condensate heater, evaporator, and steam reheater for low pressure; economizer,
evaporator, and steam reheater for medium pressure, The low-pressure and medium-pressure parts have
their own separator drums. Circulation of the steam —water mixture in the evaporators of the steam gen-—
erator is maintained by forced-circulation pumps (LaMont scheme), The heating surfaces of the steam
generator are constructed in the form of U-shaped elements consisting of bundles of 19 tubes, each 22 mm
in diameter with walls 2.5 mm thick, arranged within a tube 159 mm in diameter and with a wall ‘thickness
of 7mm, The steam—water mixture flows through each tube, and carbon dioxide gas flows in the intertube
space. The heating surfaces of the steam generator are made of carbon steel; the part of the steam gen--
erator which is adjacent to the zone of the hot carbon dioxide gas inlet is made of low-alloy carbon steel,

The capacity of each of the three units of the steam generators is: medium-pressure, 172 tons/h of
steam at a pressure of 31.5 abs. atm and a reheating temperature of 410°C; low-pressure 73.4 tons/h at
2.2 abs, atm and 185°C v

Circulation of the coolant in the first loop is maintained by six turbocompressors with gas —oil packing,
Each turbocompressor is driven by a synchronous electric motor with a power of 5000 kW and a speed of
3000 rpm, installed outside the walls of the biological shielding. When the turbocompressors were manu-
factured at the CKD factory (Prague), there were-difficulties involving vibrations of the rotor and the de-
sign of the oil packing, which were successfully overcome,

Mechanical impurities and oil are removed from the coolant at the nommal pressure of 65 abs. atm
by condensing part of the gas (12 tons/h) in d1s_t111at10n units, At gas pressures below the nominal value,
special filtration units are turned on.

‘Heavy water is circulated through the reactor by two leak-proof operating pumps (with a third pump
in reserve); each has a capacity of 470 m3/h, The cooling of the heavy water is carried out in special
stainless-steel heat exchangers.

The KS-150 reactor has certain operational features which require special reliability for its emer-
gency shutdown cooling system. The large heat absorber (60 tons of heavy water) is separated from the
fuel elements by a gas gap and a shield, and it is difficult to transfer the heat to it. Consequently, even
short-term interruptions of coolant circulation under these conditions (despite activation of the emergency
protection system) may lead to rapid melting of the fuel-element jackets.

Because of the low thermal capacity of the active zone, when there is an emergency shutdown of the
reactor, there will also be a "thermal shock" in the unshielded part of the hot tubes of the first loop. The
stresses at the tube elbows reach30 kg/mm?, The number of such shocks to the strength of the structure
may be limited. In order to soften the "thermal shock," the installation is so set up that the operating con-
ditions of the turbocompressors will automatically change when there is an emergency shutdown of the
reactor.

The emergency shutdown cooling system, based on the Madunice hydroelectric power station's (14
MW) hydrogenerator specially designed for this purpose, situated 10 km from the station and connected
with the A-1 by a single overhead electric power transmission line, was inadequate for the high reliability
requirements, Consequently, inearly 1972 Soviet and Czechoslovakian experts decided to install an emer-
gency diesel generator station with diesel engines that can go into operation within 15 sec and to equip the
turbocompressors with additional motors operating at low speed (600 rpm) and power (110 /55 kW each),
directly connected electrically to the diesels. However, it was impossible to complete this system by the
scheduled date for the startup of the station. In accordance with a proposal made by the Skoda Works and
the Plzen Polytechnic Institute, the startup of the station was carried out according to the proposed time
schedule for two operating units, each consisting of a steam generator, a turbine, and two turbocompres-
sors, while the third unit was held in reserve. The motor of one of the operating turbocompressors was
kept operating continuously by the Madunice hydrogenerator. The reserve gas blowers were equipped with
motors having a power of 120 kW each (600 rpm) and were kept operating continuously on power supplied
by the diesel installation constructed in 1972, equipped with four diesel units of 500 kW each, . This system
was found to be satisfactory and is being successfully used today.
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COMPOSITE LATTICE IN THE P3;-APPROXIMATION

A, D. Galanin and B. Z. Torlin . UDC 539.125.52:621.039.51.12

It is quite accurate to replace a cell of a uniform reactor lattice by an equivalent cylindrical cell, If
the lattice is nonuniform, containing for example control rods or fuel slugs with different uranium contents,
such a replacement cannot be made. The problem of determining the neutron field in a cell which lacks
cylindrical symmetry is appreciably more complicated, and a sufficiently accurate solution of it, even for
the one-velocity equation, is beset with formidable calculational difficulties [1, 2], It can be solved in the
diffusion approximation [3], but the introduction of nondiffusion corrections is not quite unique.

The present article extends heterogeneoué reactor theory [3] to the P;-approximation of the spherical’
harmonics method,

We consider a composite lattice for which , )
pila? L 1, ' ' (1)

where ¢ is the distance between slugs and p is the radius of a slug. When (1) is satisfied the neutron field
can be taken as axially symmetric on and within the surface of_a slug.

Some P;-Approximation Formulas

In the spherical harmonics method the neutron field is expanded in spherical harmonics. In the nota-
tion used in [4] the coefficients fx m(r) in this expansion are zero if k + m is odd, and as a consequence of
the condition* f(r, ¢, ¢) = f(r, 4, —¢), they reduce to the following six quantities:

Yo=Tfo.00 Y1="Fr.1—f1,-15 Ye=la 2t /o 2
Y= fo,00 Vu="Fa,3—fa-s Ys=Fs.1—[a. -1
The following relation holds between the subscript m of the function fx m and the subscript n of the function

yn:

@

S

|

)

I = O
rwoNe O

If the neutron sources are isotropic and uniformly distributed in space the solution of the transport
equation in the Pj-approximation can be written in the form of a six-component vector_ y(r) with components
Jn(r): )

P () =C+M()A, ‘ ' ' )

where .
Cn = ‘50, n Q/Sa (5)

* As in [4] f(r, ¢, ) is the collision density, and not the neutron density.

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 125-129, February, 1974. Original article
submitted February 22, 1973, ’
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in which q is the source strength and

g0 =71—. . . . {6)

The components of the vector A are found from the boundary conditions: on the .bdtindai'y between slug zones
iand i +1 the relation ‘

Ip; = L int . - ‘ 9

must hold. The elements of the matrix M can be written as
. | . I Cn v (@) Im (‘7%) for v=0,1,.2; v ‘ o (8)
Mn. v (T‘) = . v _ ) - . .
' i Cn,v-3 (_av—a) Km (0‘_vl-jr) for 'V=3>, 4, 5, )

where

' 35 v .27 L 108 a—me &—0 1
“V=E[1+3(7“3_5”)] t1+‘/1—¥’ 1 27 '2]' =t
: . I+e\=—zp

: 735 .

T T (78] .

av=V77 v= 2; )

u is the average‘cosine of the scattering angle, -It is assumed that the remaining moments of the scatter-

ing function are zero,

The coefficients cp, p for v =1 are: -

V6, 2 V65
c.v=1; Cl,v‘.—"—';‘: H Cz.v’—‘mz/‘%,
c .t .

BV T Y5 (1—9a2/35)
' (10)
c - Gy .
v V/35 (1—9a2/35) '
P '3V 3eay
YT VT (1—9a3/35)
and for v = 2:
. 6 .
Co.z=01.2=0; C2=1; €3, 2= "5

ENE 5
C2= —%) 7 C5, 2= — %2 1%

From the requirement that the solution be finite it follows that in the central zone, including the point
r = 0, the coefficients A;, A,, and A are zero, and in the last zone, including the point r — =, Ag=Ay
= A, = 0. Therefore the square matrix M becomes rectangular in the central and peripheral zones, con-
taining respectively the first three or the last three columns of the square matrix,

Solution in a Zone with Weak Absorption

If ¢ — 0, C in Eq. (4) tends to infinity, which must be balanced by the second term in (4). Sucha
compensation of large numbers is undesirable in machine calculations, and therefore the case ¢ = 0 is
treated separately.

We write the first component of the vector A in the form

to=—L 4% 4 | Y

The result of multiplying the first term in Eq. (11) by M is combined with the vector C, and the second with
the result of multiplying A; by M. Now we go to the limit & — 0. This does not change the form of (4), and
the vector C and the matrix M take the form:

3 41— : 3
R Y e A
Cs=%-§; Cz=ca=cs=0;

v

(12)
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A

(1. Io, 0 ' In 7 Ko, 0
» 2 1
0 0 0 1/?7_(1‘1?7 S0 0
V30 ' 212 132 _V%K K. .
) 0 — 7 I,y I, V15(1—-M)( ) A 2,1 2.2 )
M(r)= - - ) H .\/-é 3
o Yin., X, 0o YR Yk
5., /B hys (L)’ 3 key V2K
0 g s _]/ 7z e2 Vfﬁ(l—p) r 4 4 2 '
: V15 Se |
v U) ——'—'Iu —I/_Ii 2 0 et S ]/-71{1.2) -

where
IM.h=.Im(xh)k } V5.
va.h=Km(-rh.) Zy=—3— T2 xz—V_ .

 Heterogeneous reactor theory [3] does not consider an isolated cell but an infinite lattice, Therefore
it is necessary to take account of the fact that in the medium outside a slug the distance r in the argument
of Ky can become arbitrarily large. Thus in considering an external moderator with small absorption ¢
can be taken zero everywhere except in the argument of qr/1. For weak absorption

ap = 3e (1 —p) = (YLY,

where L is the neutron diffusion length in the external moderator,

Therefore for an isolated slug the matrix M becomes /
K, (% ) Ko, 1 0
vz l r 0
Vig—p L 1( L ) 0
V2 e r V3
» VI (—p) (T) Ko (T) ——7 K1 K _
no= s s (14)
0 TKO.i V 5 Ko.2
1 13 r 5 '3—
V31— (T) K"'(T) — 7 Ks. I/—Z-Ka,z
\ . 0 V25 .Ki. . ) V%K1.2

Solutions Outside the Slugs

Since the transport equation is linear the neutron field at an arbitrary point outside the slugs can be
written as the superposition of the self-fields of all the slugs of the lattice. Expanding each term in spheri-

cal harmonics we obtain

fn 0,9 =3 S 9% (r—r; ) Pen® P"'"‘“” S (15)

Jhm

where r;: is the radius vector to the cehter of slug j', and @j' is the angle between the direction of the veloc-
ity of a neutron and the vector r—rj. A particular solution has the form

(J)(ll._l,J |)_A(’v 337 (av lll)_

Using the addition theorem for spherical harmonics and the assumptlon of axial symmetry of the neutron
self-field of a slug we fmd the field of the lattice close to slug j at a distance r from its axis:

P U
E ;fvni) 1mleZA(V.J)F(J J)(), - (16)
where
. rs s
P 0 =8 K (o ) H 0 I (207 ) Ko o) )
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" Equation (16) does not take account of the fact that the lattice may contain equivalent slugs, i.e., iden-
tical slugs under the same conditions at different points of the composite cell. In considering a composite
lattice the subscript j must be replaced by two subscripts j and p, where p refers to the number of the cell
and j to the slug within cell p. We consider the neutron field in a cell which we arbitrarily call the zeroth
cell. Then instead of (17) we obtain- ' ’ ‘

P (1) =85 i (BE) ()7 T (%) 3 o (B52) a8
. P

where 1j,pj' is the distance from slig j of cell zero to slug j' of cell p.

Hence it follows that the vector »()(p) describing the neutron field on the surface of slug j is
\p(i?=C+2 Y CAERY N A (19) - -
£

where the M(3+3") are matrices of the form (14) (since we are considering a moderator with weak absorption)
in which the functions Km(apr/1) are replaced by Fgl’ JV)(pj), and pj is the radius of slug j.

To determine the elements of the matrices MU: 1) it is necessary to find the sums appearing in 7,1
of (18). Calculation of these sums for v equal to 1 and 2 presents no difficulty. Ordinarily the distance
between slugs is larger than [, and therefore even for the slugs nearest the one under consideration the
argument of K, in (18) is of the order of unity or larger. Consequently only the first few terms in the sum
(18) need be calculated. :

For v = 0, when ¢y = [ /L «1, the sum converges slowly, and it is expedient to use the results of
analytic summation [3]. Taking account of the leading term and the corrections to it of order &/ L or p?
/L? we obtain : '

G, 3 _ 2nL? f |, SitiinT.
Fojo =" (14225 + s IE
G.in L np? 0% ) : .
F=2- 6 =, —azz &+ M ] (20)
g =2 (L) [85.5 _f’_ﬂ] 637 _g(LNg: s S
o —2(9,-) 8,5 +312° s, ) F3lo _8(9_,-) 8,3 Si=q; e

where S is the area of the composite cell, Nj is the number of slugs of type j in the composite cell, and the
£j,j' are quantities depending on the radius of a slug and the geometry of the cell. The values of ¢j jr for
- a number of lattices are given'in [31- .

. .. . AR
Substitution of the expressions for Fgl’ ];}) into the matrix elements MI(IJ”,],) shows that Mélol ) is pro-
portional to 1.2. According to [3] C, is also proportional to L2,

Since the result (e.g., the disadvantage factor) is finite as L2 — o the calculations involve the com-
pensation of large terms, which is always undesirable in a numerical calculation. Therefore we make
some matrix transformations.. We write A 0] in the form

. S-, , 5 N . ’ : .
AY )=§E]L—Z [__% ﬁi'+Ao(’ )'J , 21)
where ’
; pi=1. - o (22)

After multiplying the A" by the appropriate matrices and performing all the _cancqilations we can go
“to the limit L? — «. If now we return to the notation EA(',(J) - Ao(l) and 8y —~ Aé]) for j > 1, Eq. (19) is

preserved and vector C takes the form

3 l—p(.,. 8
“’qu lzp (p?_’____iiid)
1/ 2 a(pifi—8s.iSyle)

= — ]/g 85, 9Symp} |, ? . (23)
f O .

. qlslsj-.ilﬂpg

V35

0
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and in the matrices M({U» i) only the first columns are changed, so that Mr(zjl’ 1o)l= 6¥n - For j' > 1 weobtain

P 3 (1—wgq,,
Mf){'(’) ) — N Jtll;) g (85G35, 5 —SiLs. 1);

M@= — V3 p,
Venpit v
M§-{ = — V3L p, N (24
’ Vﬁnp? ’
M(’ i _ 1241

TV

, M§ 30 =MY " =0; D; 5=5;8; ;—85; 1
The physical meaning of the quantities Bj in (21) is easily determined from the expresswn for zp(J) as the
neutron current into the slug from the outside:

VE SiBi—np}

o _
Y= (25)

It follows from (25) that the quantity Sj ,3] is equal to the area of the effective cell of a slug of type j in the
composite lattice, The neutron current is zero on the boundary of this effective cell,

Usmg boundary conditions (7) to join solution (4) for zones inside the slugs to the solutlon in the form
(19) for the outside surfaces we obtain a complete set of equations for all the vectors A, However the order
of this system turns out to be six times the sum of the total number of zones in all the nonequivalent slugs
of the composite cell, By applying the usual procedure of matrix contraction to all the multilayer slugs the
order of the system is easily reduced to six times the number of nonequivalent slugs in the composite cell,
In this system the unknowns are the three-component vectors describing the solutions at the center of each
slug and outside it, By eliminating from the system the vectors connected with the solution in the central
zones of the slugs we obtain a system whose order is only triple the number of nonequivalent slugs.

Calculation of the Average Neutron Field in Slug Zones

and Moderator

To determine the values of the neutron flux y, averaged over the zones we use a relation which is
easily obtained by integrating the transport equation over 4 and ¢

8\Po+'ﬁ°r—d;("l?1) =4q. L (26)
Hence for the i-th layer of a slug we have
&0, 1 =1 — ]/'% Lilriy (ra) — recgby (ra- 1 (rf —ri) 7 27)
and for the moderator outside the slugs

£, = q_l/_nl 1_,12(9],5] 5, et les) o8
i

It is obvious that Eqgs, (27) and (28) cannot be used to determine ¢.0 in regions where the neutron ab-
sorption is rather weak. In these zones y; can be written in the form y, = 4 + £6yy. Hence for the
moderator outside the slugs we obtain

» -1 & ; o
o= l/ nul [1 —T Z (P?/Si)] Z o) il;;(p,) ) . (29)
J 2
where ‘
Y‘S‘I’i (o)) = [Z SMY- a")A(:")L + [.2' L j')éA(j')]i. (30)

Here the elements of the matrix 6M are the coefficients of & in the expansion M = M0 + g5M. The series
expansion of Ao(]) is given in Eq. (21); the other Ap's do not appear in 5y because of the structure of M(J n,

By carrying out the indicated procedure we obtain for the moderator outside the slugs

3 (1—w 6nl | oGs i) 467
1p A+[1—n /S] [ pqu] C]J_,—(SJJ)S Bir+ Vn%ij'g—Jng,ij)A({)].
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For a nonabsorbing i-th layer ¥, can be obtained explicitly by integrating $o(r) over this layer of the slug,

‘CONCLUSION

A program for carrying out the procedure described was written in ALGOL, The processmg of -one
variant of a double lattice with two-zone slugs required about 10 sec of machine time on an M-220 computer
including the time for-typing input and output,

A comparison of the results calculated with this program and those obtained by using the program
described in [5] showed that the assumption of axial symmetry of the self-field of each slug does not lead
to appreciable errors. :

More detailed results of the comparison will be reported in a special 1etter to the ~editor.'
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ACOUSTIC METHOD OF MEASURING SMALL DISPLACEMENTS
IN HIGH-TEMPERATURE AN]j RADIATION FIELDS

A. V. Zelenchuk and K, V. Naboichenko UDC 534.6:624,058.2

Carrying out strength tests under conditions of high temperatures and irradiation is one of the current
problems in modern materials research. The most important problem is the measurement of deformations.

Measurement methods based on the use of electrical transducers [1] depend considerably on the radia -
tion flux; therefore, a gas-flow transducer was used to measure small deformations in the reactor channel
[2, 3]; however, it is very cumbersome and can operate only under stationary conditions. With gas pump-
ing, radioactive elements are transported from the core, and thus it is necessary to have additional equip-
ment to purify the gas and shield personnel from radiation.

Acoustic measurement methods for deformations in a nuclear-reactor channel were first proposed
and developed at the Moscow Engineering Physics Institute (MIFI), Readings of acoustic transducers are
independent of the radiation, According to the accuracy these transducers are no worse than the measure-
ment methods indicated above, They have the advantages of the absence of electrical elements in the core
and simplicity of instrumentation; moreover, they completely eliminate the transport of radioactive ele-
ments from the reactor channel,

To measure deformations during high-temperature strength testing of materials in a small-diameter

regctor channel it is most advisable to use the acoustic measurement method, based on the change in acous-

tic impedance of an aperture. The basic advantages of this method consist in the possibility of measuring
the deformation directly on the sample being investigated (Fig. 1).

Two coaxial cylindrical waveguides filled with a gas, are separatea on one side by a valve-transducer;
on the other side an external waveguide has a source of sound oscillations, and the internal waveguide has
a receiver of sound oscillations. The source of sound oscillations excites a plane sound wave in the exter-
nal waveguide, which moves to the valve-transducer. The valve, directily connected to the source of dis-
placements, transforms them into a variation of aperture dimensions, and hence, also into a variation in
the acoustic impedence of the aperture. For a definite

2 structure of the valve-transducer, the aperture can have

the shape of a slit or a circular aperture, as well as more
4 5 § complex forms. '

—_— Sound oscillations passing through the aperture reach
. 5 T -— the internal waveguide and after reaching the sound-oscilla-

8 7 tion receiver, they induce in it a variable electrical signal,
\_ v which is then amplified and recorded.

The oscillations of the gag in the transducer occur
with a frequency such that only plane sound waves propagate
Fig. 1. Block diagram of model of acous- " in the waveguide [4]. The aperture formed by the valve-
tic transducer of small displacements: 1) transducer can be considered as an element for constricting
receiver of oscillations; 2) sound generator; the waveguides. The acoustic power passing through the
3) oscillation source; 4) external waveguide; aperture [4] is described by the expression
5) internal waveguide; 6) valve-transducer; 4ot Rah
7) recorder; 8) amplifier, ' N~ p" z:|za , (1)

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 130-132, February, 1974, Original
article submitted November 27, 1972, v
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157

Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030002-6




D'eclassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030002-6

/fxﬁhomm | GV I , Iﬁm
R |

25

v

|
20 i o 2
|

0 |— /i/

A

4 . . § / 4
N4

0 05 10 15 dmm 0 05 10 t5  fmm
Fig. 2 ‘ Fig, 3

Fig. 2. Dependence of operating charaeteristics of acoustic transducer
on temperature, pressure, and composition of gas at oscillation fre-
quency 2150 Hz: (1) air, t=20°C, p = 1 abs, atm, U, = 1,75 V; A) helium,
t=20°C;p; = 1 abs. atm, py = 1.2 abs; atm, U= 1.8 V; O) agreement of
results for air and helium, presented above; points on the lower curve)-
helium, t= 465°C,"'p = 1 abs. atm, Uy= 1.8 V up to temperature compen--
sation; x) helium, t= 465°C, p=1 abs, atm, Uy=3.6 V after temperature
compensation, ,

Fig. 3. Comparison of calculated (1) and experimental (2) characteristics
for oscillation frequency 2150 Hz and temperature 20°C with a helium -filled
transducer. '
B ' oo g
where p; is the amplitude of oscillations in front of the aperture; Rg is the resistance of radiation of the
aperture; oap is the area of the aperture; Zp, is the total acoustic impedance of an aperture of arbitrary
shape. The aperture radiating in the internal waveguide can be considered as a secondary source of sound
oscillations. ,

For frequencies lower than the lowest of the natural ‘transverSe oscillations [5, 6], we can assume
that ' : o ' '

. Ny N,, . ‘ (2)
where N, = 30,/ pc) is the acoustic power of a plane sound wave withdrawn from the aperture into the in-

ternal waveguide; p, is the amplitude of the pressure of a plane sound wave; oy is the cross section of the
internal waveguide; p is the gas density; and c is the velocity of sound, ‘

Since the aperture dimeénsions are small compared with the wavelength, the acoustic impedance [4]
can be determined from the expression . y
. . . .
7 Poap . v (3)

nNGap 1

where Gap is the acoustic éonductivity of an aperture of arbitrary shape, which is a function of the geo-'
metrical parameters of the aperture. The amplitude of a plane sound wave in the internal waveguide is

found from expression (2), by equating the power averaged over time: .
'—_ 2piGaP . 4
P2= —Vaz-—g ’ . L ( )

where Q is the solid angl_e of the radiation,
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If the source excites oscillations having amplitude U,, then when they reach the valve-transducer,
they are decreased by a factor exp (—3;1). Along the second waveguide on the path from the aperture to
the receiver of oscillations the amplitude decreases by the factor exp (—B,1). Further oscillations in the
receiver-are converted into electrical oscillations and are amplified by a factor Kamyyp. Thus, the trans-
formed amplitude of sound oscillations recorded by the device has the form

U=Kexpt—(fs+B2) UUGap | ®

where g, and B, are the damping coefficients-in the external and internal waveguides, respectively; K

= (2KsKrKamp/ v 0,9Q) is a constant coefficient; [ is the length of the waveguide; Kg and Ky are the coef-
ficients of transformation of acoustic oscillations into electrical oscillations of the source and the receiver;
U, is the amplitude of the electrical oscillations of the source.

The multiplier exp [-(8; + B,)1] is affected by the temperature, composition, and pressure of the gas;
however, this effect can easily be eliminated if we change the amplitude U, i.e., we can compensate the
temperature error of the transducer readings. ' L

We present results of tests of an acoustic transducer for linear displacements, 1500 mm long, 6 mm
in diameter, and having a measurement range of 0-0,5 mm,

For displacements of the valve transducer, the width, thickness, and hence also the acoustic im-
pedance of the circular slit through which the sound oscillations pass from the external waveguide to the in-
ternal waveguide are varied, .

For operating frequency v = 2150 Hz we obtained characteristics for a transducer filled with air and
helium at gas pressure 1-1.2 abs. atm and temperature 20-465°C. The operating characteristics are shown
in Fig. 2.

Thé signal at the receiver for the open position of the valve attains its maximum value and remains
constant with further opening. This situation is convenient for use in introducing a correction to the tem-
perature, which understates the value of the signal of the "plateau™ due to an increase in the damping of the
oscillation amplitude in the waveguides. A correction is introduced because of the increase in oscillation
amplitude of the source as long as the signal of the "plateau" agrees with the signal corresponding to 20°C.
All the remaining points of the operating characteristics agree with the points of -the characteristics plotted
for 20°C. '

- The temperature error can also be compensated by using a movable screen, which is periodically
opened by the direct access of sound oscillations from the external waveguide to the internal waveguide in
immediate proximity to the valve-transducer. In the case of such compensation the aperture of the valve-
transducer does not change, which is a necessary condition for the displacement measurements, With in-
troduction of amplitude compensation the operating characteristics also are independent of the state and
pressure of the gas inside the transducer and agree well with the calculated characteristics (Fig. 3). The
deviation of the experimental curve (in the lower part) from the calculated curve can be explained by the
nidealization" of the valve surface, since in the calculation we did not take into account possible irregu-
larities which for given position of the valve 6 = 0.5 mm are comparable with the width of the slit and cause
an additional resistance to gas motion.

Tor the working range of the transducer we take the steepest linear section of the characteristics.
For an analysis of the measurement accuracy we obtained an error of no more than 0,45% with ac-
curacy a = 0.9 for threshold sensitivity Sth = 2 u over the working range 0.5 mm. From the theory of the

method it follows that the measurement range is given by the dimensions and shape of the valve, To con-
firm this we obtained a range of measurements from 0-0.1 to 0-10 mm, :

The advantages of the acoustic transducer (the independence of the readings from radiation, the
simplicity of the geometry, the small radial dimensions, the possibility of amplitude compensation) allow
us to use it to measure displacements in high-temperature and radiation fields, especially if these mea-
surements must be carried out in locations that are almost inaccessible.
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ABSTRACTS

THE MAXIMUM OF NEUTRON FLUX IN A REFLECTOR
WHEN MODERATED NEUTRON ABSORPTION IS TAKEN
INTO ACCOUNT

V. P. Glushakov ] . i UDC 621.039.512.45:
o 5621.039.573:621.039.55

The L. S. Pontryagin maximum principle is used to solve for the radial distribution of nuclea,r fuel
in a reactor which maximizes the ratio

N max
J= ,
w

where Npax is the maximum density of thermal neutrons in the reflector, and W is the reactor power. The
problem is solved in the two-group approximation, taking into account the absorption of moderated neutrons,
with the fuel concentration subject to the constraint ' '

<U () <Umax

and the heat engineering

Ap=U (r) (N +an)—D 0.

Here the functions N(r) and n(r) describe the distribution of thermal and moderated neutrons in the reactor
zone; ¢ and D are constants, It is shown that for weak absorption of moderated neutrons the optimum ar-
rangements consist of zones with U(r) = Umax and p(r) = 0, with the maximum in J occurring in a single-
zone reactor with U(r) = Umax. Similar results have been obtained for this problem when the absorption
of moderated neutrons is neglected [1]. However, when there is intense absorption of moderated neutrons,
a zone appears in the central part of the optimum reactor for which Uy(r) < Umax. This is the zone of the
classical variational calculus, which could not be realized if the moderated neutron capture were neglected,
The value of Jmax is an increasing function of the fuel concentration, so that the case of greatest interest
is that of strong absorption, for which a two-group model which neglects absorption of moderated neutrons
gives an incorrect result for the character of the optimum arrangements,

The functions J (Npax) or J(W) are determined in the article for the case of the optlmum reactor; th1s
enables one to choose a variant for which the reactor components [2} of the cost are minimum.
" LITERATURE CITED
1, T. S. Zantskaya et al., At. Energ 32, No. 6, 480 (1972).
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Translated from Atomnaya Energiya, Vol, 36, No, 2, pp. 133-137, February, 1974, Original article
submitted June 28, 1972, ’
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CALCULATION OF DOSES FROM FAST-REACTOR
RADIATION LOOPS ‘

1

V. A. Rudoi, E. M. Vetrov, ' UDC 621,039.553
A, Kh, Breger, N. I. Polyanskii,
and V, P, Tikhonov

~One of the most important problems of radiochemical equipment construction [1] is the development
and production of radiation loops to provide intense economical y sources for large-scale radiochemical
processes.

The use of fast power reactors for the simultaneous generation of electrical power and for chemical
production raises the problem of calculating dose distributions from sodium radiation loops containing plane
surface radiators.

We propose a simple formula for the absorbed dose rate at a point above a plane rectangular surface
radiator

P=P,ya,G (m, n, pd) Bdis» M

where P, is the y ionization constant in (R/h)/ uCi/ em?), ¥ is the conversion factor from Roentgens to
rads, og is the average surface activity of the radiator in uCi/ cm?, G(m, n, pd) is the y attenuation func-
tion, and Bgig is the distributed source dose buildup factor in mtegral form,

The average surface activity Us can be written as

- _2n 4z _ 2"3 o (2)
TR VAT ra (—e 277D

Here Ar is the total activity of the coolant in the primary reactor loop; Vp, Vp, and Vypq are respectively

the volumes in ecm? of the coolant in the reactor, the piping, and the radiator, ug is the y attenuation co-

efficient of the radiator material in em™, and t is the thickness of the radiator in cm,

We calculate the attenuation function by the relation

arctg%—Ei(pdV/‘l—}—'——ﬁzﬁ—) , (3)

G(m, n, pd)_—Ei (nd) —arctg nE, pd ]/1-]— arcig Tn

arctg n)
where pud is the thickness of the absorbing layer in mean free paths, nand m are the relative dimensions
of the radiator —irradiated object system, H and L are the source dunensmns and b is the distance from
the source to the detecbor point,

The accuracy of the expression for G (m, n, ud) was ‘determined by comparison with computer cal -
culated data in [2]. The comparison showed that the values of G(m n, ud) given by (3) do not differ from
"the data in [2] by more than ~ 39,

The value of Bgijg is given by
_K@Dm
¥m
Bgis =BptA@de 7, : (4)
which is obtained from an analysis of the values of Byjg calculated for 'Na energies (Eq = 1.38 MeV, E,
= 2,76 MeV) and water, aluminum, and iron thicknesses up to 5 mfp..

The values of Bp, the dose buildup factor for a point source, were taken from (3, 4] for small pene-
trations, and K(z), D(n), and A (ud) are coeff1c1ents The values of these quantities are tabulated, Equa-
“tion (2) is accurate to +£10%.

An exper1mean test of the proposed relations using a ?*Na radiation source showed good agreement
between the measured and calculated results, within the limits of experimental error. Calculations per-
formed by the proposed method for conditions described in [5] showed satisfactory agreement with the re-
sults in that paper,

Original article submitted November 27, 1972.
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CERTAIN CHARACTERISTICS OF VARIABLE-PHASE FOCUSING
IN PROTON LINEAR ACCELERATORS

A. D. Vlasov , UDC 621,384.64.01

Variable-phase focusing (VPF) is attractive because of the possibility of doing without complicated
and expensive magnetic lenses and their supply systems. In1966 V. V. Kushin [1] discovered a means of
significantly increasing the efficiency of VPF by introducing a constant component in the law of the periodic
variation in the equilibrium phase and also (with Mokhov [2]) by simultaneously introducing a periodic change
in the amplitude of the accelerating wave; ’ o

Pp=t @1—¢2, Ey=Eot AE=E (1 ). 1

It is known that in the case of VPF the usual autophasing is replaced by alternating phasing. It is
shown in the present article that the expression for the amplitude of the oscillations of particle energy dif-
fers from the corresponding autophasing expression only by the replacement of the factor V'singp by
Vv vEf/ 2B. Here vyis the so called amplitude coefficient, and B is the VPF parameter [1]. For the typical

values of these parameters v¢=1/3, B = 10, @p = 37°, we obtain v vzf/zB = 0.075, and v 'sin @p = 0.77.

The capture in energy for VPF is thus at least a factor of ten smaller than in the case of autophasing.
This should not be a significant effect when VPF is used immediately following the ion gun or the high-volt-
age accelerator, where the resulting beam has a small spread in energy. A small capture in energy can, '
however, cause a loss of at least 90% of the particles, if VPF is used after a preliminary acceleration of
the protons in a linear accelerator with autophasing, A preliminary grouping with VPF can also cause a
considerable loss in particles for the same reason. : :

The article gives a comparison of thermal losses in an accelerator with VPF with those of an "etalon"
accelerator with autophasing. Assuming the average rate of acceleration of the particles to be equal, the
following expression was obtained for the ratio of the powers of these losses:

cos2gp.e 1+ g2 Reh e 146 9
0% 910082 93 U118 ¢ 1€ g2 Rgy  1+0¢ ' _ - (2

Py
Pe

Here Rgh and 6 are the shunt resistance and the ratio of the length of the intersection interval to the
length of the section of the accelerator, Rgh, e and g are the same for the etalon accelerator, and ¢p e
is its equilibrium phase, o ' ' ‘

The first factor on the right-hand side of Eq. (2) depends only on the angles ¢, ¢y, and ¢p_e; One can
take gp,e = 37°. This factor is less than one for small values of ¢, and ¢,. As a result, VPF does not in
principle require special losses in power. Rather large values of ¢; and ¢, are, however, required for
the effectiveness of VPF, which causes an increase in the thermal losses. Thus, for ¢, =20 and ¢, = 45°,
the first factor is between 1,3 and 1.4; for ¢ = 55°, it is approximately two, The second factor, which de-
pends on the coefficient of modulation of the amplitude ¢, does not exceed unity for tg oy tg oy = 0.41,

Original article submitted March 15, 1973,
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For proton energies of up to 100-150 MeV, when the Alvarez accelerating system is used, the third
factor is less than unity. Inasmuch as lenses are unnecessary in VPF, the drift tube diameters are less,
and Rgh > Rgp_e. For energies above 100-150 MeV, the lenses can only be placed between the sections,
Rgh = Rsh. e, and the third factor is equal to one, -

The fourth factor, on the other hand, is equal to one in the case of an Alvarez system, and is less
than unity at higher proton energies, where de > 6 as a result of the placement of the lenses between the
sections, The product of the third and the fourth factors in Eq, (2) is therefore always less than unity,
which causes a decrease in the thermal losses, :

Equation (2) was obtained with the help of V. V. Kushin, The author is indebted to him for a discus~
sion of this and other aspects of the work.
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ANGULAR AND SPECTRAL DISTRIBUTIONS OF THE
INTENSITY OF SCATTERED GAMMA-RADIATION IN
THE 20 keV AND 6 MeV RANGE OF INITIAL ENERGIES

S. N. Sidneva and A. S. Strelkov UDC 539.166,3

The angular and spectral distributions of the intensity of scattered y-radiation from a point isotropic
source in an infinite medium consisting of air are calculated by making use of a statistical sampling method.
The initial quantum energy E, was varied from 20 keV to 6 MeV., The distributions were obtained at dis-
tances of 1, 2, 3, 4, 6, and 8 mean free paths from the original radiation, The characteristics of the field
of the scattered radiation which were found are the values of intensity, averaged over the chosen interval
of the variable (solid angle or energy), and adjusted to unit interval of the variable and to a unit quantum
emergent from the source,

The results of the calculation of the angular distributions are given in the form of the dependence of
the fraction of the intensity of the scattered radiation arriving at a distance xR within a given solid angle
A, as compared to the total intensity of the scattered radiation at this distance, - The transition to absolute
values of average intensity ‘is made through the build-up coefficient of the energy flux [1]. The angular dis-
tributions obtained for the intensity of the scattered radiation are approximated by expressions of the form

ar@ ce~ %% v (1)
dQ ~ sinf
and
4nRZe“°R—d£—Q@ = A= %01 - 4,070/%, - (2)

Tables are given showing the dependence of 6, 6, 8,, 'Ai, and A,, on the distance y,R and the initial energy
E,. The limits of applicability and the accuracy of the approximation equations (1) and (2) are discussed.

The spectral distributions of the intensity of the scattered radiation are listed for energies E; from
20 to 100 keV at 10 keV intervals, since at higher initial energies they are to within the accuracy of the
calculation the same as the distributions in an infinite aqueous medium produce_d by a point isotropic
source [2]. '

Original article submitted April 21, 1973,
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The form of the spectral distribution is transformed in proportion to the decrease in the initial energy
from the known form for E0 > 250 keV to a distribution having one maximum (the initial energy ~100-50
keV). As the initial energy decreases further, it becomes a decaying spectrum with a maximum value of
intensity at an energy equal to the initial energy. Also noteworthy is the approximate equality of the form
of the spectral distribution at distances greater than 4y R, which was noted earlier in the case of higher
initial energies.

The spectral distributions are approximated by the expression

4riR2eMOR _ﬂiﬂbgoR—’E)zexp (a4 bz +cx2 4 dx3), . (3

where x = (E—15)/(E,—15) (E, and E, keV),

An analysis of the accura.cy' of the description of the spectral distributions given by Eq. (3) is carried
out. The coefficients of the approximation formulas are listed in tabular form,
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REFINEMENT OF NEUTRON-PHYSICS PARAMETERS FOR

AQUEOUS SOLUTIONS OF HIGHLY ENRICHED URANYL

FLUORIDE AND URANYL NITRATE SALTS CONSISTENT ‘
WITH THE DATA OF CRITICAL EXPERIMENTS

Yu. Yu. Vasil'ev, V. N. Gurin, ' UDC 621,039.519.4
and B. G. Ryazanov -

A wide variety of Laplace transform techniques have been developed for estimating the critical di-
mensions of reactors which are geometrically simple in shape [1]. The accuracy of the derivation of the
critical dimensions by this method is determined by the errors in the values of the material parameter,
the extrapolation distance, and the reflector savings, These quantities are usually determined either by
calculation or by experiment, In this paper, the material parameter and the extrapolation distance are
calculated from a system of three-group, macroscopic constants, fitted by the method of least squares,
which best describes the results of one-region critical experiments for a given reactor composition, The
application of this method to the interpretation of the work of Rowlands and MacDougall [2] allows one to
estimate the errors in predicting the material paraméter and the extrapolation distance as a function of
the accuracy of the original constants and the critical experiments. :

Aqueous solutions of uranyl fluoride UO,F, and uranyl nitrate U0y (NOs), (the uranium enrichment is
93.5 and 909,, respectively) are investigated. Critical experiments in assemblies in the form of a sphere,
cylinder, and parallelepiped are analyzed. The calculation is conducted in the three-group diffusion ap-
proximation, The more accurate values of the material parameter, the extrapolation distance, the multi-
plication constant for neutrons in an infinite medium, and the migration area, together with the errors in
‘their prediction, are presented in the form of curves as a function of the uranium concentration in the solu-

tion.

The authors are grateful to B, G. Dubovskii for his interest in the work and for his helpful comments.
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INVESTIGATION OF THERMAL CONDUCTIVITY AND
ELECTRICAL CONDUCTIVITY OF DISPERSED MATERIALS
MADE OF URANIUM AND MOLYBDENUM DIOXIDES

L. E. Kakushadze and R. B. Kotel'nikov ‘ ) UDC 621.039.544,57

Shortcomings of uranium dioxide, which is the fuel in atomic-reactor fuel elements, are its low
thermal conductivity and its brittleness. Therefore there is interest in cermets based on uranium dioxide
with the addition of an appropriate metal, - We investigate the thermal conductivity and electrical conduc-
tivity of cermets made of particles of uranium dioxide (Fig. 1) coated with molybdenum (1), and those made
of mixtures of similar particles with molybdenum powder (2). To prepare the samples we used a grit made
from uranium-dioxide particles of the pebble type, obtained by sintering, scattered over the fractions —315
+200; —600 + 400; —840 + 700; ~1190 + 1000 u with lattice parameter 5.468 Aand corresponding formula
UOQy q¢ (composition: 87,47 wt, % uranium, 11,76 wt, % oxygen), A molybdenum coating was applied to the
particles by vaporization in vacuum, The mean-particle dimensions of molybdenum powder was 2.5 . The
samples were made by hot pressing in vacuum, and were as follows: diameter 10 mm, length 15-20 mm,
density 95% of theoretical, mean grain dimension in UO, particles 19 u, and molybdenum concentration 5,
10, 15, and 20 vol, %. The continuity of the molybdenum matrix is characterized by a matrix coefficient
(in percent), equal to the ratio of the specific surface of the boundaries between UO, particles occupied by
molybdenum to the specific surface of all the boundaries. If the particle dimensions are —315 + 200 y, the
matrix coefficient for 5, 10, 15, and 20 vol. % molybdenum in cermet 1 was 92, 97, 99, and 100%, and in
cermet 2 it was 68, 78, 84, and 90%, respectively, It increased with increasing particle diameter. Asa
result of tests for cermet 1 in a vacuum of 6 -10~™° mm Hg at 2390 and 2270°K for 10 and 120 h, respectively,
the matrix coefficient did not decrease,

The thermal conductivity was measured by the method of the radial thermal flux in samples with uni-
form volume heat release for a steady-state thermal regime in the temperature range 1300-2200°K. The"
‘samples were heated by direct passage of an electric current
_of industrial frequency in a vacuum ~1-10"* mm Hg. The
temperature was measured with an optical pyrometer, In
addition to the thermal conductivity, we also measured the
electrical conductivity. The calculation error for a single
. meagurement of the coefficient of thermal conductivity was
+219%; for the electrical conductivity it was +4.6%. Experi-
mental values were converted to zero porosity. It was deter-
mined that for cermets with particle diameter — 315 + 200 p
the thermal-conductivity coefficient X and the electrical con-
ductivity ¢ are described by the following equations:

Fig. 1. Cermets with 15 vol, % molyb-
denum and uranium-dioxide particle

for the cermet 1

diameter —315 + 200 u: 1) cermet of - _ , Y10,

. . h=dmo [1+ {—v A
coated particles; 2) cermet of the mix- UOz — Mo
ture : + X go,— Ao
ture,

(the equation of V. N. Odelevskii);
Original article submitted July 12, 1973,
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0.65.
00.85 —vy,0% 9

for cermet 2

2050 | 0.50.
A0-50 =wpohyi - + Uy hu0, |

0,52
g0.52 = UMoOpfo *

where v is the fractional volume concentration,

The conductivity increases with decreasing dimension of UO, particles. At 2200°K the thermal con-
ductivity of cermet 1 with particles —315 + 200 u is 30%, and the electrical conduct1v1ty is 40%, greater
than for the cermet with particles —1190 + 1000 p. This is presumably explained by the presence in the
surface layer of UO, particles of the interaction products with molybdenum, The relation between thermal
conductivity, electrical conductivity, and temperature is optimally described by the equation A = 5.20
+3.44+107 ¢T (here ) is inW/(m-deg), o is in @1.m™, and T is in °K). Independently of the composi-
tion, the dimensions of particles of uranium dioxide, and the type of cermet, with the calculation made ac-
cording to this formula with probability 91% error, the determinations of A according to this value of ¢
does not exceed +21%,. The known literature values are in agreement in this region,

TRANSMISSION OF GAMMA-RADIATION THROUGH
TWO-SECTION CHANNELS WITH RECTANGULAR CROSS
SECTION IN A CONCRETE SHIELDING -

S. A, Erin and A. V. Larichey - UDC 539,122:621,039.538

A well known method of calculating the transmission of y radiation through two-section channels in
a shielding made of concrete is based upon the differential albedo concept. However, in the transition to
‘multi-section channels, certain difficulties are encountered when this method is used.

Another approach to the solution of the problem is based upon the well-known empirical formula
P (Ly)/P(Ly=0)=CL3*, . . (1)

. where P (L) and P (L, = 0) denote the y -radiation dose on the axis of the second channel section and at the
crossover point of the axes of the two sections, respectively; Ly = I,/ W, is a parameter which characterizes
the axial coordinates of the detector situated in the second section at a distance [, from the intersection
point of the axes; W, denotes the width of the second section of the channel; and C and k denote empirical
constants which depend upon the dimensions of the channel and the energy (E v) of the y quanta of the
source, .

The transmission of 4 radiation from pointlike isotropic ®Au, 1370g, and ®9Co sources has been
studiedona model of a two-section channel bent at a right angle and gituated in a ‘concrete' shield.

It is convenient to split the total characteristic of the radiation field into two components at the point
under consideration:

P (L) =Pl (L) 4 PAN8L(Ly, C (@

- where Preﬂ(L ) and Pangl(L ) denote the doses in the second section due to reflection of radiation which
entered into the channel and is reflected from the walls and due to radiation passing through the angular
projection, respectively, It was observed that the prefl (Ly) component obeys Eq. (1); the experimental

‘ data were used to determine for this component the C and k values for which simple empirical relation-
ships were assumed. It was observed thatk is practically independent of the energy of the y quanta and -
is given by the ratio of the width of the first channel section to its height:

Original article submitted July 30, 1973,
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71 fore 0a1< Wt <10, (3)

k=24043 -1 7 <

In the case of channels with quadratic cross section, C depends only upon E y and Ly (Ly - 14/Wyis a
parameter which characterizes the axial coordinates of the source); we obtained for C(E v+ Ly) within a
limited variability range

C (Eyy Ly =102 (5.8—0.45 Ly) E;@-T4-0A1e 20 ' ' (4

for 0.2 s Ey =3,0MeVand1.,5 =1L, =6.0.

A relationship of the form

- was established for the components Preﬂ_(Lz) and pangl (Ly). Empirical formulas, which are valid within
a wide variability range of E y and the dimensions of the channel were used for the coefficients. The pro-
posed method of determining C, k, and P2P8L(L,) can be extended to channels in other shielding materials
and to multi-section channels, because it follows from an analys1s of the pubhshed data that Eq. (1) holds -
for a large number of cross sections.

168

Declassified and Approved For Release 2013/01/25 - CIA-RDP10-02196R000400030002-6

Prefl(L y/pangl (1.y-= B(bL,-l—X)—a, o - "(5).




Declassified and Approved For Release 2013/01/25 : CIA-RDP10-02196R000400030002-6
LETTERS TO THE EDITOR

RADIOACTIVITY OF DEPOSITS IN LOOP OF VK-50
REACTOR POWER STATION MEASURED WITHOUT SAMPLING

V. D, Kizin, V., I. Polyakov; ‘ ’ UDC 621.039.524,4-97:
and Yu, V. Chechetkin ’ - 621.,039.553

Mass transfer of radioactive isotopes through loops of reactor facilities is of practical interest from
the vantage point of radiation safety in the operation of nuclear power stations. Experimental investigations
of the activity in deposits on process piping and equipment, with the object of verifying different models and
methods for activity calculations, are restricted by difficulties in sampling the deposits. Earlier investiga-
tions [1] on results of measurements of smears, scrapings, and coupons taken from equipment that had
been disassembled or opened up still could not yield a complete picture of the radioactivity distribution
over the entire loop.

We made use of scintillation y -ray spectrometers with collimators extending 15 cm and 25 ¢m in
length and 10 mm and 20 mm in diameter within a lead shielding arrangement that could be disassembled,
in our measurements of specific radioactivity in deposits on piping throughout the loop (piping dimensions
G194 x 15 mm; (219 x 12 mm; (¢426 x 13 mm, etc.). The spectrometric sensors in the shielding were
placed right up against the piping or at a distance of 5 meters away, and the pulse height analyzer was
positioned at a distance of 70 meters away from the sensor. The absolute radioactivity per unit piping or
equipment surface area was determined on the basis of approximate formulas derived elsewhere [2].

Comparison of investigative techniques was carried out on the piping of the drainage system serving
the high-pressure separator. Coupons were cut from piping and sample smears were taken for the com-
parison, following sampling~free analysis of the activity of the deposits on the piping. Results of radio-
activity measurements taken on the coupons were found to be in close agreement with the sampling-free
measurements at the same points (the greatest discrepancy found was 23%). At the same time, results
obtained from analysis of smears taken from the piping ran a little too low, The smear ratio in these ex-
periments ranged from 0.5 to 0,96, It was pointed out that the specific. activity in the deposits varied 26-
fold (isotope 857n) over a small section of piping extending about one meter in length, or 16-fold in the case
of isotopes ®Co and **Fe. Consequently, -the results can turn out either too high or too low, in analysis
baséd on the standard procedure of measurements adopted in cases of the sort, with sample smears taken
at the same point, with the results obtained extended to a larger stretch of piping.

The measurements performed showed that the amount of specific activity of the isotopes in surface
deposits on different portions of the loop differed anywhere from 10%-fold to 10%-fold, The radioactivity of
the isotope ©Zn was decisive over all portions of the loop. The specific activity of this isotope in the de-
posits on steam lines upstream of the high-pressure and low-pressure separators,the turbine, and the feed-
water pump, were respectively: 1.8+107%, 2.3-107%, 1.4-107,0.6 <107 Ci/m?. Theradioactivity of *’Fe,
80G0, and *Mn in the deposits was anywhere from 1/50 to 1/3 the level of 857n radioactivity, while the
radioactivity of isotopes originating in fission fragments was 102 to 10° times smaller,

The results of a sampleless analysis supplemented the overall distribution pattern of the radioactivity
in the deposits [1]. These results can be used to check on the several computational procedures, and they
are also useful in estimating the total amount of radioactivity in the deposits on the surfaces of the nuclear
power station process loop. For example, despite the small fraction of ‘surface area (~5% of the loop sur-
face area), over 909 of all of the radioactivity ata VK-50 reactor nuclear power statipn is concentrated on
the area extending from the reactor to the throttle check valve (and including the high-pressure separator):
~6.6 Ci %5Zn; 0.22 Ci **Fe, ®Co, and 54Mn; and 0,07 Ci e, 1¥'Cs, and Ba.

Translated from Atomnaya Energiya, Vol. 36, No. 2, p. 138, February, 1974, Original article sub-
mitted January 3, 1973. ’ _
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We find concentrated in the condenser of the turbine (accounting for ~66% of the loop surface area)
0.33 Ci %Zn, 0.06 Ci of other corrosion elements, and less than 0,01 Ci fission products, The contribution
of radioactivity in the deposits found on all of the remainder of the loop, with the exception of the reactor
itself, is ~3%. )

Consequently, when investigating the distribution, transport, and buildup of radioactivity in the loops
of reactor installations, the sampleless y-ray spectrometric analysis method can serve as an important
" back-up research tool which aids greatly in many instances in enhancing the accuracy, representativeness,
and updatability of the analysis, Hence, the method can be used to estimate, with accuracy sufficient for
practical purposes, the amount of radioactivity in deposits on different portions of the loop, to study the
behavior of the radioisotopes under varying sets of process conditions, and to ascertain the radioactivity
of short-lived isotopes present, ’ :

One clear disadvantage of the method is difficulty in interpreting the complicated y-ray spectra (e.g.,
the fact that the activity of %%Co and 5°Fe cannot be determined separately in this method), But this disad-
vantage can be gotten around if we use a Ge(Li)-detector in shielding with a collimator when taking our sam-

pleless measurements.
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DEPENDENCE OF RATE OF SPUTTERING BY FISSION

FRAGMENTS ON SPUTTERED-LAYER THICKNESS

B. M. Aleksandrov, N, V, Babadzhanyants, UDC 546.799
I. A, Baranov, A, S, Krivokhatskii,
L. M. Krizhanskii, and G. A, Tutin

One can prepare thin, fine-grained spectrometric sources from *2Cf [1, 2] and other transuranic ele-
ments [3] by sputtering matter using fission fragments, It-is important to know the optimal sputtered-layer
thickness at which the rate of sputtering by fission fragments is maximal, Thus, this dependence of sputter-
ing rate on layer thickness was studied, Moreover, the role of o decay in self-sputtering of layers contain-
ing g-emitting isotopes was clarified. Obtaining such data and comparing them with energy losses by heavy
charged particles in matter can'aid in explaining the sputtering mechanism,

The layers studied were prepared by electrolysis, the most economical and common method for pre-

. paring primary layers. Either 2#Am or 2¥pu in hydroxide form was deposited on thick titanium backings,

with subsequent air drying, The active-spot diameter was 9 mm, Four groups of primary layers were
prepared with 10-12 sources per group. There was one group of 2MAm sources with mean thickness of
each layer with respect to Am from 0.5 to 160 pg/ cm? and three groups of 2¥Pu with mean thickness with
respect to Pu from 0.2 to 20-30 ug/cm?. Americium-
or plutonium-layer sputtering was produced by fission
fragments from a thin 2°?Cf source passing through a
collimator so that the fragments were normally incident
on the sputtered surface [2]; the air pressure was 107
torr. Collectors made of transparent nickel films

(film thickness ~ 90 ug/cm?) were placed between the
fragment source and the sputtered layer, at a distance
of 1 mm from the latter. Between the collector and '
source there was another thin nickel film for shielding,
The sputtered-layer thicknesses, and also the quantity
of Am or Pu atoms transferred to the collectors, were
determined from their o activity in an o gun or 47
gaseous counter. Spectral purity was monitored on a
semiconductor o spectrometer,

5 o e ! ‘ Before sputtering the prepared surfaces using

éé 10 fission fragments, we determined experimentally the

Qg quantity of atoms sputtered in vacuum from each layer's

Gy surface as a result of Am of Pu « decay, i.e,, due to

%TQ ;‘ their own ¢ particles (E ~ 5.5 MeV) and recoil nuclei

Z S L1 Lt ° (E ~ 90 keV), Measurement data for one plutonium
0oz 4 & 8w @ 1 pglem group are shown in Fig, 1 (curves 2 and 3). Data for

Fig. 1. Dependence of quantity of 2%¥py atoms other Am and Pu groups are similar, We found that

collected during sputtering on the layer thick- as the layer thickness and, consequently, the number

ness: 1) 10-min sputtering by fission fragments; of a decays in it, increases, the layer-sputtering rate
2) 10-min self-sputtering; 3) calculated for one (curve 2) and the quantity of atoms sputtered due to one
a.decay of layer. o decay in the layer (curve 3) increase rapidly up to

Translated from Atomnaya Energiya, Vol, 36, No. 2, pp. 139-140, February, 1974, Original article
submitted March 6, 1973; revision submitted September 6, 1973.
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thickness 1,5-2 ug/cm?, reaching 10 atoms per « decay. ‘Subsequently, the sputtering rate increases very
slowly and the quantity of atoms sputtered per a decay decreases. To clarify the role of o particles and
recoil nuclei in self-sputtering of matter, we irradiated three Pu layers having thickness 0.8, 1.3, and 5.6
pg/em? (1,0-107, 1.6 -107, and 7.0-107 o decays per min) with only @ particles from the same external

238py source. The number of « particles incident on each layer from the external source was 1.5 -10% per
min, Recoil nuclei from this source were stopped by the nickel shielding film and did not reach the sputtered
layer, The dispersed atoms were collected at another nickel film located between the sputtered layer and
the shielding film., We found that irradiating the layers with a flux of & particles up to 15 times more in-
tense than the intrinsic q-particle flux intersecting the surface does not increase the number of atoms col-
lected. Consequently, the fundamental role in self-sputtering of thin layers in which o decay occurs is

played not by a particles, but by recoil nuclei; their sputtering ratio is significantly greater than that for

o particles, However, the mean free path in matter for heavy recoil nuclei having energies ~90 keV is
several orders smaller than that for « particles having energies 5.5 MeV. Therefore, as layer thickrnesses
are increased, recoil nuclei at greater depths in the layers will not participate in sputtering of matter from
the surface. This can explain the falloff in curve 3 (Fig. 1) at layer thicknesses greater than 2 ug/cm?,

On irradiating Am and Pu layers with fission fragments from an external source, we subtracted from
the overall number of atoms collected at the collector those atoms transferred by « decay in the layers.
The results of sputtering layers only by fission fragments, converted to a 10-min collection, are shown
by curve 1. The fragment flux to each layer over 10 min was 1.7- 107, The average sputtering ratio with
layer thicknesses 24 pg/cm? and greater is 500 and 750 atoms per fragment for Am and Pu, respectively,
Here, the average deviation from the mean value in this region is 30%, while individual values differ from
the mean by a factor of 2 in both directions.

DISC USSION

The data on Self—sputtering of thin 2Am and 2¥pu layers are evidence that the fundamental role in
sputtering matter is played by those 2*"Np and ***U recoil nuclei formed as a result of o decay in these
layers at depths.no greater than a few ug/cm? from the surface.

The small and approximately equal values of the average layer thicknesses at which the rates of
sputtering by recoil nuclei and fission fragments reach saturation, show that sputtering of matter proceeds
from the surface in both cases, while the data spread is apparently related to the surface structure of these
layers, particularly to their granularity., However, we must note that the sputtering ratios for the same
layers differ significantly (~10 atoms per recoil nucleus and ~10° atoms per fragment), which probably
indicates that the mechanisms of sputtering by these particles are different. Actually, heavy recoil nuclei
have energy ~ 90 keV and sputter matter due to 2 mechanism based on elastic collisions with the atoms of
the substance [4]. Fission fragments have kinetic energy 90 MeV and at the start of their path (the case
we are examining) they expend on elastic collisions tenths of a percent of the energy which goes to ionizing
the atoms of the substance, Calculations made in accordance with [5, 6] show that in a Pu layer 2 ug/ cm?
thick a recoil nucleus will lose several keV to elastic collisions; a fission fragment will lose less than 1
keV, while sputtering 100 times more atoms than the recoil nucleus, We should note that to sputter 1000
atoms, one must expend no less than several keV energy to overcome these atoms' binding force alone;

this is significantly more energy than fission fragments expend on elastic collisions in a Pu layer 2 ug/ cm?

thick. The assumption remains that this energy is transferred to the atoms of the substance from fission
fragments to a smaller degree through elastic collisions and to a larger degree through ionization of the
substance's atoms; the losses to this for fission fragments in such a layer are several tens of keV, It has
previously been remarked [2] that the basic mechanism, related to ionization losses, for sputtering of
mafter by fission fragments could be either an ion burst or a thermal electron "peak," at least for the first
third of the path. In the latter case, possibly, it would be sufficient to take into account only ¢ electrons
arising with low energies, but with large cross section, We should note that the primary-source layer
thickness (24 ug/ cm?) is optimal when the secondary sources are produced through sputtering the sub-
stance by fission fragments, since the sputtering ratio does not increase with further increase in the layer
thickness. One cannot, using the method surveyed, prepare layers thicker than 1.5-2 ug/ cm? (if the frag-
ment flux is incident on the layer and the collector) due to reverse sputtering of the substance by fission
fragments from the collector and equilization of the direct and reverse sputtering rates.

In conclusion, the authors thank V., A. Yakovlev, V. A. Knyazev, V. E, Ulanov, V, V., Obnorskii,
and G, V. Solov'ev for their assistance,
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SOME CHARACTERISTICS OF OPTIMAL' TRANSIENT PROCESSES
WITH A CONSTRAINT ON THE RATE OF VARIATION OF
REACTOR POWER

T. S. Zaritskaya and A. P. Rudik ~ UDC 621.039.514:621.039.516.232

The theory of the optimization of xenon and samarium transient processes in nuclear reactors has
been investigated in detail in many works [1, 2]. A significantsimplificationinall these works was the as-
sumption that it is possible for the reactor power to vary in a jump, We have investigated xenon and
samarium transient processes taking account of constraints on the rate of variation of reactor power by
the method of the Pontryagin maximum principle [3], The following results were obtained.

Nature of the Variation of Control. The typical form of an optimal control in problems without a con-
straint on the rate of variation of power, when by a control we mean the reactor power W itself, is char-
acterized by the following three stages: the first stage 0 =t = t;, W(t) = 0; the second stage t; =t < *t,,

W(t) = W (t), where Wy, (1) is a given function of time that ensures maximum permissible concentration

of the isotope that strongly absorbs neutrons; the third stage t, =t =T, W(t) = W5, where Wax is the
maximum permissible reactor power, T is the end of the optimization period, which is not given. As can
be seen, in these problems there are four jumps in power: at t = 0 [from Wga(t < 0) to W(t > 0) = 0], t=1t;
and t = t,, and also at t = T, when the reactor is converted from Wyax(t < T) to Wmax(t > T) = const.

It is shown that in similarly formulated optimization problems with constraints on dW/dt the nature
of the optimal control is varied in the following way: instead of a three-stage control, a seven-stage con-
trol is optimal — at each point of the discontinuity in W(t) a section with maximum permissibte dW /dt of
the necessary sign is introduced.

Figure 1 shows the.simplest example of an optimal transient samarium process, when there are no
constraints on the samarium concentration. The phase plane of the promethium —samarium concentration
is shown*; it is required that the reactor be shifted, after minimum time, from point @ to point 2, and then
at point q a stationary power corresponding to it must be established. The trajectory aba corresponds to
the case w1thout constraints on dW/dt: first stage ab—W(t) = 0; second stage ba—W(t) Wmax. The tra-

“jectory al234a corresponds to the case with a constraint on dW /dt: first stage ¢l —max (—dW/dt), second
stage 12-W(1) = 0; third stage 23 —max (dW/dt); fourth stage 34 —W(t) = Wy ax; fifth stage 4g—max (dW /dt).

Although the trajectory al2347 is within aba , the time for conversion of the reactor is greater along
the first trajectory than along the second one,

Nature of Approach to Point 2. In problems without constraints on dW / dt the trajectory on the
promethium —samarium phase plane always approaches the equ111br1um point ¢ from above. In similar
problems with a constraint on dW /dt the approach to point 2 depends on the magnitude of max (—dW /dt)
and the value of W(t > T). Figure 2 shows the trajectory on the section 44 for the same value of max (~adw
/dt), but for different values of W(t > T).

* The promethium —samarium concentration is normalized to the ratio ¢/ y, where ¢ is the neutron ab-
sorption cross section in samarium;  is the yield of promethium for a single fission,

Translated from Atomnaya Energlya Vol. 36, No. 2, pp. 140-141, February, 1974, Original
article submitted April 11, 1973,
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Fig. 1. Companson of optlma.l trajectories: aba) Wlthout constraints on AW
/dt; a1234a) with constraints on dW/dt.

Fig. 2. Approa.ch of optimal trajectories to point a Tra]ecto’nes 1a, 2a,
cees 5a correspond to powers Wsta(a), 0.75 Wsta(a): 0.5 Wsw(a) 0.25
Wsta(a), and W = 0, respectively,

“ In conclusion we should note that the existence of constraints on dW/dt for certain cases can lead to
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REALITY OF THE EIGENVALUES OF REACTOR
BOUNDARY VALUE PROBLEMS IN THE MULTIGROUP
DIFFUSION APPROXIMATION

- B. D. Abramov ' - UDC 621.039.51.134

In [1, 2] there is posed the problem of calculating several eigenValues « and several eigenfunctions
¥ of reactor boundary value problems in the multigroup diffusion approximation of the nonstationary neutron-
transport equation, i.e,, boundary value problems for the differential equation

aV-1¥ —divD grad ¥ (2 —Z,) ¥ =9 (vZ)) ¥, . (1

where V, D, and X are diagonal matrices of the average group velocmes the diffusion coefflclents and the
total cross sections respectively; Zg is a matrix describing transitions due to scattering processes; x is a
column vector, i,e,, the normalized fission spectrum, v Z¢ is a row vector whose components are the fis-
sion cross sections [3] All the matrices are real and p1ecew1se—constant ‘with respect to coordinates.
Solutions of Eq. (1) are sought in the class of functions satisfying certain continuity conditions in G (where
G is the bounded region of m-dimensional (m = 3) Euclidean space occup1ed by the reactor) and a boundary
condition on the outer surface of the reactor of the form n, 3,4

vy O 0. (2)

Eigenvalues and eigenfunctions are sometimes [2] calculated numerically by algorithms based on the
assumption that the eigenvalues being calculated are simple and real. We show that such an assumption is
not always valid, so that a further development of algorithms for calculating further complex conjugate and
multiple eigenvalues becomes necessary. We present an example of a special kind of boundary value prob-
lem, some of whose eigenvalues can be complex and multiple,

-We congider a boundary value problem for a homogeneous reactor [1, 2]. We assume that G is a uni-
form region so that the cross sections do not depend on the coordinates, and the boundary condition on the
piecewise-continuous surface S of volume G is taken in the form

‘I’HET =0 ' (3
where g = 0 is a number and not a matrix as in Eq, (2). Each component ¥(J)(x) (where j=1,2,...,n;
n is the number of energy groups and x = {X;, X, . . . , X }) of the vector function ¥(x) can be expanded in

a Fourier series regularly convergent in G [1, 4] in terms of the orthonormal set of eigenfunctions uy(x)
of the Laplacian operator V2, complete in L*(G), with the boundary condition (3), such that

—Vzuk=phuh, l“"h>01 k=1,2,..., . . (4)
i.e., we can write
Y(z)= ) faun (2). ’ - (5)
h=1 R

The vectors fi, the expansion coefficients in (5), are determined from the equations

ofp=(Br+XY) fry k=1,2, ..., . (6)

Translated from Atomnaya Energiya, Vol. 36, No, 2, p. 142, February, 1974, Original article
submitted May 10, 1973,
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where -

By= —V D433, X=Vy, ¥ =v2y. | (N

Thus the eigenvalues of the boundary. value problem for a given k are the eigenvalues of the matrix XY + Bk.
We present a sufficient condition for the reality of all the eigenvalues a.

THEQOREM. Suppose the eigenvalues of the matrix By are simple and real and for each ¢ 6 (0, 1] the
roots a(e) of the equation {1—¢[Y, (a—By) X} det (¢ —Bk) = 0 are simple, i.e., [Y, (¢—Bk)™?X] = 0. Then

the eigenvalues of the matrix XY + By are real, Here (a,b) = 2 a;bi.
. i=1
We cite an example with complex eigenvalues. Letn= 3 and (cf. Egs. (6) and (7))

—by 0. 0 00 e\ '
th( by —bp O ) XY;(O 0 0) . , : (8)
0 b3s —by 000/ N

- The matrix Bx—XY has one real and two complex conjugate values of a.

Therefore special types of boundary value problems can have complex eigenvalues,
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MOMENTS OF THE MODERATION FUNCTION AND ITS
FEW-GROUP MODELS FOR WATER ~ METAL MIXTURES . o

E. A. Garusov and Yu. V. Petrov ' UDC 621.039.51,13

'

The applicability of the diffusion approximation to the description of slowing-down of neutrons in
water —aluminum reactor cores has been discussed in earlier articles [1, 2]. In the case of pure ordinary
water, the diffusion approximation leads to serious errors in calculations of neutron leakage from small
zones. As the aluminum fraction is incréased, reliance on the diffusion approximation becomes feasible,
and the number of energy groups into which the moderation interval can be broken down increases con-
comitantly, This article digcusses application of these results to other water —metal mixtures,

In order for the optimum small-group computational model to yield the correct value of neutron leak-
age from the reactor core, it would have to do a good job of reproducing the moderation function in response
to fairly modest changes in the sources of fast neutrons. This would require, at least, that the model

Zem?
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Fig. 1 ' Fig. 2 7
Fig. 1. Dependence of age 7 of fission neutrons slowed down to 1.44 €V on

volume fraction of metal in mixtures of H,O and aluminum (1), zirconium
(2), and iron (3). ‘

Fig. 2. Dependence of the coefficient C, on the volume fraction of the
metal in the mixtures of Hy,O and aluminum (O), iron (A), and zirconium
(). The data points indicate the weighted-average "experimental values,"
the continuous line is drawn through those points using the method of least
squé.res, and the dashed line applies to extrapolated values; the top (left-
most) point applies to pure water.

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 143-144, February, 1974. Original article
submitted June 11, 1973, ‘
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tion at not very large B?r values, where B? is the geometrical
shape factor; 7 is the neutron age. When B2t =<1, the Fourier

- transform can be expanded in a series in powers of (—~B?7), and
the dimensionless .coefficients of the expansmn

G i_ yield the value of the Fourier transform of the moderation func-
!
\

(r2m)

Com = @ e

are expressible in terms of the moments <r*™=> of the modera-
tion function; these moments are determined experimeéntally,

Figures 1-3 present experimental values of 7, C4, and Cq
as functions of the volume fraction of the metal (aluminum, iron,
zirconium) in a mixture with HyO. These values were obtained
by processing the experimental results on slowing down of 2¥U
fission neutrons to the energy of the indium resonance (1.44 eV)

d B § in.an infinite medium. The iron data and zirconium data include
B some slight heterogeneous effects due to anisotropy and result-
gl 11 11 o111 ing from the finite thickness of the metallic plates, The alu-

e 42 04 GF 48 VM/Veen minum data are reduced to zero plate thickness, The <r?™ >
Fig. 3. Dependence of the coeffi- values were first normalized to 7 proper when the mean values
cient Cg on the volume fraction of " of Cy and Cq in different experiments were calculated, and were
metal in the mixture of H,O with then averaged with weight corresponding to experimental error,
aluminum, iron, and water (ex- In the case of iron and zirconium, we used experimental data
planations and notation as in Fig. reported in [3, 4], as well as results of Monte Carlo calculations
2).. o [5,6]. Aluminum data are also reported in [2], where the reader

will also find the averaging procedure detailed,

. It is clear from Fig. 2 and Fig. 3 that the dimensionless coefficients C,and C, depend solely on the
volume fraction of water in the cell, and are independent of the type of metal in question within the limits
of experimental error. .Nevertheless, the dimensionless constant v depends substantially on the properties
of the metal (see Fig. 1). The coefficient C, is a linear function with the same degree of exactness, of the
fraction of metal in the cell: Vi\j/Vgell. The dependence of Cy on the ratio Vy/Veel] is not explicitly non-
linear in nature, however, although it can be linearized in the range 1/3 = Vy1/Veell =2/3.

Any theoretical model designed for calculations of critical masses in reactor cores of comparatively
modest dimensions must reproduce the values of 7, C,, and C;. The expression for Cyy, in the diffusion
approximation is cited in [2], as a function of the number of groups, the width of the energy interval, and
the spectrum of the source. It is clear from Fig. 2 and Fig. 3 that when the ratio Viy/Veell < Cq/3 > Cy
> Cy = 1 (for pure ordinary water C,=1.13 x 0.03; C; = 1.85 x 0.26; C3 ~ 3), i.e., the Cp, values increase

~ with increasing m, which contradicts the applicability conditions for the diffusion approximation [2], In the

neighborhood of the point Vi/Veell =1/ 3, we can resort to the one-group diffusion model of slowing-down
(C4, Cg ~1). In the interval 1/3 < Vy1/Veell = 2/3, which is typical of most research reactors with a
highly developed heat-transfer surface (e.g., the VVR-M and SM-2 reactors), the C, and C; values are less
than unity and occur in the ranges 0.75 < C;< 1; 0.5 < Cg<< 1. It is clear from an earlier article [2] that
these values can be reproduced by the few-group models (e.g., the two-group model), Nondiffusion correc-
tions have to be taken into account in this interval in the conversion to many energy groups. When the ratio
Vy/ Veell > 2/3, Cqand Cq lie below that range, which is set by the two- group diffusion model, and the
number of groups cannot be less than three.

In the case of pure metals (Vyi/Veell = 1), linear extrapolation of the straight lines in Fig. 2 and Fig.

3 yield close values of C, and Cg, but values somewhat larger than those obtained from Fermi age theory

(C4 = 0.5; Cg = 1/6). This difference seems to stem from the nonmonoenergicity of the sources, the con-
tribution of direct-incidence neutrons, and inelastic slowing-down, Data on other moderators yield similar
results, in particular in processing of experimental data on slowing down of neutrons in graphite we obtain
[7]: T = (308 % 2) ecm?; C, = 0.58 = 0,015 Cg = 0.26 = 0.02.

Some of the most commonly used computational programs fail to reproduce adequately the lower-
order moments of the Fourier transform of the slowing-down function, For example, the three-group

model of slowing-down for the MUFT-IV four-group diffusion program [8] yields C, and C; values which
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differ markedly from the experimental values, particularly in the range of low concentrations of metal
where the predicted values are well below unity. The T values are computed quite accurately. Even though
terms with the coefficients C, and Cy occur with different signs in the power expansion of the Fourier trans-
form, and errors are partially compensated, just the same the error in the critical mass due to the error

in the approximations of the slowmg—down function may amount to several percent in the case of real reactor
cores,

The Fourier transform of the slowing-down function directly describes neutron leakage solely from
bare reactors within the framework of the second Weinberg—Wigner theorem, which itself is approximate
[1]. Inorder to calculate leakage from zones with real reflectors, we have to assign a major role not only
to the successful choice of moderation model, but also to the statement of correct boundary conditions,
Even though the effect of the reflector on the selection of moderation model in the core has not been given
detailed study to date, design calculations of water ~aluminum reactors with ordinary-water reflectors have

shown that the few—group model reproducing experlmental values of 7, C 1, and C4 can be used in calculating
critical mass to within 0.59 [2].
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INVESTIGATION OF THE RADIOACTIVITY OF THE
ATMOSPHERIC LAYER CLOSE TO THE WATER IN
THE ATLANTIC (JANUARY-APRIL, 1973)

A. S. Vinogradov, M. M. Domanov, ' UDC 551.46:539.16
P. N. Kodochigov, B. A, Nelepo, )
and A, G. Trusov

Up to the present time, global radioactive fallout is the most powerful, steady source of artificial
radiocactivity in our environment, After signing the Moscow Agreement on Partial Suspension of Nuclear
Arms Testing, the radioactive contamination of the atmosphere was maintained by the activities of the’
countries which had not joined the agreement (People's Republic of China, France). The intensity of the
source of atmospheric radioactivity is therefore nowadays still at the level of the end of the fifties. Maxima

TABLE 1, Concentrations of the Radmxsotopes in the Atmosphenc Layer Near the

Water (January-April, 1973).
Concentration of the . Concentration of the .
Coordinates rddlolsot0pes (nCi Coordinates radjoisotgpes (nCi
Date i /m?) 107 Date /m* 102
latitude | longitude | 7Be | 157Cs | 14ace- latitude longitude e | 137Cs | 144ce
18/1 53°50° N 06°30" 'E 1 3,510,041 — 40/111 | 11°00’; N 75°40" W 2,010,001 jO0,10
19/1 50°04" o 01042 W 3,6 0,00 | 0,10 || 42/111 | 16°52"; 79°307 = 2,910,006 ~
20/1 45°40" = 07°40" = 2,310,05 10,13 || 13/II1 | 19°34'} = 80°27' » 2,6 | 0,01 | 0,20
21/1 38°59" w 11°417 "= 2,0 | 0,01 — 14/111 | 19°167| = 80°25" = 4,910,014 ~—
22/1 33°32" 13°04" = 1,41 — 0,50 | 15/I11 | 18°59'} » .| 80°16" = 5,110,05 | 0,30
23/1 28°02° = 15°217 » 6,0 | 0,005 0,03 | 16/I11 | 18°40" = 80°20° = 5,5 10,08 0,40
24/1 23°26° = 20°28" = 3,510,010 | 0,10 || 17/111 | 18°39‘f = 80°28" n 5,7 10,08 0,40
25/1 22°55" 27°57" = 7,0 | 0,03 | 0,35 || 1&/111 | 18°27*[ = 80°27" w 5,20,03 | 0,30
26/1 22°24" = 34°50° = 4,5 (0,005 0,13 || 19/II1 [ 19°16°( = 80°40" » 8,210,056 | 0,20
27/1 22°43" n 42°14" = 5,5 0,01 | 0,13 || 20/111 | 18°59°| » 80°29" = 8,810,002 —
28/1 210127 w | 49°27° » 9,8 | 0,05 — 24/111 | 19°107| = 80°27° = | 7,71 0,02 {0,3%
29/1 21°14° 56°46° 7,310,02 — J 22/IH1 [ 19°04'] = 80°29° 7,810,064 | 0,28
30/1 20°23" w 62°55" = 5,210,010 | 0,25 | 23/1I1 | 19°37'| = 76°50° = 7,0 0,066| 0,26
31/1 19°377 = 67°29* = 1,9 — 0,05 | 25/L11 | 19°31/[ = 76°40° = 8,7 | 0,03 | 0,20
1/I1 | 20°05° = 68°22" 3,210,02 ;0,10 || 27/11T | 24°30°| = 81929’ « 10,3 | 0,06 | 0,58
2/I1 | 19°38’ = 67°39" w 3,5 0,04 | 0,10 [} 28/111 | 20°08"( « 84°30° » 8,5 0,05 | 0,50
4/11 19°387 » 67°39" = 5,51 0,07 | 0,10 [} 29/111 | 22°03"| = 87°56 = 6,4 | 0,05 | 0,51
5/11 | 19°4G¢ = 67°42' = 6,0 | 0,06 | 0,25 || 30/1IT | 20°49’) » 92°007 = 8,8 | 0,02 | 0,47
6/I1 | 19°26* = 67°51" 5,810,010 |10,25| 4/IV | 23°22°f = 91°40° = 10,0 { 0,06 | 0,35
711 19046’ n 68°05° = 5,3 — 0,22.]| 5/1V | 23°37'| = 92°25° « 10,0 [ 0,06 | 0,28
8/11 | 19°32" = 680277 = 10,4 | 0,052] 0,40 | 6/IV | 23°05'| = 91044 = 10,7 | 0,06 | 0,29
9/11 | 19°35’ » 68°07" = 8,140,064 10,50 | 7/IV | 22°40'| = 89°30" w 9,2 0,64 0,3
10/11 | 19°407 = 68°10° = 14,5 | 0,09 — 8/1V | 22°50] = | 84°00" = 17,0 1 0,15 | 0,94
11/11 17°14’ = 67°05° = 9,7 ( 0,07 [ 0,40 | 9/1V | 23°40°| » |82°05° & 19,0 { 0,12 | 0,78
12/1T | 11°09’ = 65°20° 3,210,005 0,10 || 10/IV | 23°40"| = [ 82°05" w 15,01 0,10 | 0,60
18/11 | 13°06° = 62°05" 5,6 1 0,03 10,41 || 14/IV | 25°20°| = 75°00° = 18,7 | 0,14 | 0,78
19/11 13°48’ = 61°597 = 7,8 10,04 | 0,41 || 12/IV [ 25°55'( = | 68°34" - ;28,71 0,19 | 1,20
20/11 | 13°04° = 63°06° = 8,9 0,04 | 0,47 || 18/1V | 26°13"| = 61°09' .« | 8,6 0,06 | 0,36
24/11 | 43956’ = 65°25° = 9,0 0,05 | 0,45 || 14/1V | 26°23’| = 53°10° .» |} 5,8 0,03 —
22/11 14°127 = 66°44" » 5,0 | 0,02 — [ 15/IV | 26°46’| = 46°14° = ! 10,0 ; 0,08 | 0,60
24/IT | 14°12° » 66°44’ = 8,2 0,10 | 0,80 || 16/IV | 26°59'| = 38°52’ ~ 41,9 0,08 | 0,36
25/11 | 14°49' = 69°00° = 2,2 10,02 | 0,08 47/1V 1 27°117) = 31°47" w5 3,0 0,02 | 0,43
2/I11| 14°52" = 73°49° = 5,2 10,03 — 18/1V | 27°30° = 24°06j " 9,51 0,09 | 0,42
3/111} 14°597 = - | 74°00° = 5,91 0,02 | 0,13 | 19/1V 30°05_: " 19007, " 14,3 1 0,08 | 0,50
4/111| 14°73° = 730327 - 2,110,001 | 0,25 20/1V | 32°57°} = 14°07° - » 13,8 [ 0,05 | 0,50
5/111| 14°73" = 73°32" = 1,8 0,005 — | 214/IV | 38°57’'] = 129177 = 9,71 0,05 { 0,34
6/1I1| 12°26" = 81°43" = 1,6 1 0,005 — 22/IV | 44°05') = 10°30” " 9,8 | 0,04 —
711 12°15% = 810247 » 1,91 0,04 | 0,13 | 23/IV | 49°20'] = 9°03" = 4,010,04 | 0,25
8/I11| 10°%41" = 76°25° = 1,6 | — 0,10 || 24/IV | 53°24'{ = 39527 E 3,5 0,03 | 0,27
Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 145-147, February, 1974, Original article
’ submitted Qctober'3, 1973,
© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A
copy of this article is available from the publisher for §15.00.
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Fig. 1, Route of the 14th voyage of the smentlflc-research vessel
"Akademik Kurchatov.”

of radioactivity, which are related to tropospheric fallout after individual explosions set off by the nonmem-
ber countries to the agreement, are periodically produced and recorded. The radiation conditions in the
Northern hemisphere are also influenced by the activities on the nuclear testing site of the People's Repub-
lic of China, whereas the test site of France on the Mururoa Atoll in the Pacific is the main source deter-
mining the radioactivity. of the Southern hemisphere.

The present article describes the results of measurements of the rad10act1v1ty in the atmospheric
layer close to the water; the measurements were made during the 14th voyage of the scientific-research
vessel "Akademik Kurchatov" in the spring of 1973 (see Fig. 1). ’

Samples of atmospheric air were taken with an aspiration technique. A small air-blast of the ship
" with an air throughput of 31.5-10° m®/day was employed. An FPP-15 filter was placed at the inlet of the
air-blast. The exposure lasted for several days.

After exposure, the filters were burnt to ashes and weighed. The
#4pg total radioactivity was determined with a low-background SBT-13 ring
. counter provided with a 3 cm thick lead shield, A PS-16 unit witha
BTS-4 input block was used as the counter., The total background of the
setup was 10 pulses/min,

The dura;tionzof the measurement on a sample depended upon the
: kmean—_squaré error (3%) and was determined with the formula

1000

Counting rate,reL units
3
S

Activity, pulses/p

=
=

30 100
Time,days

Fig. 3. Time dependence of the
Fig. 2. Gamma-spectrum activity of the isotope with the
of atmospheric samples, . energy ~0.5 MeV,

=3
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Nt +N3

where t denotes the time (min); NA + B denotes the number of pulses ‘which were produced by the cbmbina-
tion of sample and background and were counted; and Np denotes the background,

A v -spectroscopical amalysis of the radioactive samples was made on board the ship with the aid of
a standard multi-channel AI-128 y-spectrometer, The detector of the "Vorya" set with an Nal crystal

. activated by thallium was used as the sensing element; the crystal had a size of 60 x 60, The sensing ele-

ment was shielded from external irradiation by the lead shield of a low-background UM¥-1500 unit (wall
thickness of the shield 5 cm). The total counting efficiency of the unit was about 7%. Final information
in the form of the spectral distribution of the number of pulses over the channels was derived from the
analyzer with the aid of BZ-15m number -printing unit,

A low-background laboratory unit with a 10 cm thick lead shield and a sensing element consisting of
a 63 x 63 Nal crystal was used to determine the half-line period of "Be. The counting efficiency of this unit
was 7.2%. '

A y-spectrum of an atmospheric sample is shown in Fig, 2. This spectrum can be compared with
the spectrum which is typical for atmospheric fallout of the moratorium period, in which the basic peak is
the "Be peak (E ,, = 0.48 MeV), :

The relative activity of 13'Cs and 14Ce was insignificant and varied for, say, cesium, between 107
and 10713 Ci/m?, which agrees with the available literature data. The “)K peak which is usually found in
the atmospheric layer close to the water due to the removal of potassium salts from the surface of the
ocean can he qualitatively recognized on the spectrogram,

Tigure 3 depicts in logarithmic coordinates the time deperidence of the radiation intensity of the iso-
tope having the radiation energy ~0.5 MeV. The half-life which was determined for the isotope from this
dependence was 52 days, which is an additional confirmation of the presence of the "Be isotope.

The results of the measurements are summarized in Table 1,

Figure 4 is used to list the measured concentrations of the radioactive "Be, 137Cs, and 1%Ce isotopes
in the atmospheric layer near the water over the Atlantic and the Caribbean,

The correlation between the time-dependent variations in the concentration of the three isotopes, as
well as the total 8 activity of the samples (Fig. 5), indicate that the ratio between the isotopes is stable in

~
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the atmosphere on the entire route on which measurements were made from the vessel, A strong fractiona-
tion of the isotopes during their precipitation is obviously not observed. A noticeable variation in the radio-
isotope ratio can be possibly related to the precipitation of radioactive nuclides of greatly different ages.

Based on the data which were obtained, a substantial increase in the total radioactivity of the atmos-
phere ¢an in some cases be explained by an increase in the intensity of the exchange between the strato-
sphere and the atmospheric layer close to the water. The concentratior_x of the radioisotopes increased
particularly in the time between April 8 and April 12 and between the points with the coordinates 22°50' N,
84°00' W and 25°55' N, 68°34' W, The total concentration of the radioisotopes in the atmosphere increased
2.5 times in those days, but the ratio o the isotopes was constant, The observed maximum of the fallout
is apparenily related to the passage of a strong cyclone whose center was at that time situated over North
America, '
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CHRONICLES

THE SECOND FAST-REACTOR SYMPOSIUM
OF THE CMEA COUNTRIES

V. B. Lytkin

The Symposium was held at Obninsk from October 1 to October 5, 1973, A total of 96 reports was

presented, Specialists from Bulgaria, Czechoslovakia, the German Democratic Republic, Poland, Romania,

~and the USSR took part in the Symposium.
The reports covered the following topics:

1. Prospects for the development of nuclear power in the member countries of the Council for Mutual
Economic Assistance (CMEA) and the place of fast reactors in nuclear power. Analysis of the fuel
balance and economic efficiency of nuclear power generation using fast reactors. Various types of
fast reactors as compared with sod1um—cooled reactors.

2. Experience in the des1gn, constructlon, and operation of fast reactors; Development and testing
of basic technological equipment, Problems involved in the production of fuel elements and ab-
sorbing elements for fast reactors, Heat exchange and hydrodynamics of the active zone,

3. Technology of sodium coolants spec1flc problems in thermophysics, study of materials, and radia-
tion stability. ‘

4, Physics and safety of fast reactors. Investigation of neutron—physics characteristics,

All of the reports devoted to prospects for the development of fast reactors aﬁd their economic indi-
cators were characterized by a systems approach. The hasic properties of various types of atomic power
'stat1ons can be most completely and objectively reflected by systems criteria.

The problem of more efficiently using the natural reserves of uranium is of great significance for
the solution of the principal problem of nuclear power generation, namely, substantially increasing the -
available fuel base, For that reason, uranium consumption is one of the most important systems criteria
in the selection of a strategy for the development of nuclear power generation and the optimization of reac-
tor characteristics. In the Soviet reports (V. B. Lytkin et al., S. M. Feinberg*) and in the reports of R.
Rockstroh and D. Hermann (German Democratic Republic) and S. Novak and T. Reitzi (Czechoslovakia) it
was shown that the inclusion of fast reactors in the development program for nuclear power generation leads
to a considerable reduction in the consumption of natural uranium, This means that fast reactors have.a
considerable economic advantage over thermal reactors and can remain competitive with them even when
the fast reactors require higher unit investment costs. According to the data given in a report by V. N,
Bobolovich et al, (USSR), fast reactors can be incorporated into the optimum structure of nuclear power
generation even in cases in which the unit investment cost for fast reactors 1is 1.5-1.6 times the unit mvest-
ments cost for thermal reactors. '

A number of interesting conclusions were also presented in the reports of P. Wentzel (German Demo-
cratic Republic) and O, D. Kazachkovskii, S. V. Bryunin etal., and E, V. Kirillov (USSR), devoted to the
technical and economic aspects of nucléar power generation, .

The characteristic doubling time of fast-reactor power plays an important role in improving the ef-
ficiency of utilization of natural uranium resources and improving the economic efficiency of fast reactors.

* Deceased,

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 148-150, February, 1974,
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For the conditions prevailing in the Soviet Union, it is desirable to keep this doubling time no greater than
6-8 years. The BN-600 reactor, now under construction, would have a doubling time of 11-12 years (as-
suming a time of one year for the external fuel cycle). A report by V. V. Orlov et al, discussed the pos-
sible ways of reducing the doubling time to as little as 4-5 years by using oxide fuel and sodium coolant,
the techniques for which have by now been fairly well mastered, Efforts are also being made to attain short
doubling times for those types of fast reactors which can serve as alternatives to sodium-cooled reactors.
As an example of such an alternative, experts have proposed the construction of gas-cooled fast reactors
using helium at a pressure of 300-500 abs. atm (S, M. Feinberg,* USSR) or nitrogen tetroxide (A. K, Kra-
sin, V. B. Nesterenko, USSR) at a pressure of 150-170 abs, atm, For gas-cooled fast reactors there is
also the potential use of the gas-turbine cycle, which makes it possible to reduce the unit investment cost.
.However, reactors of this type are still in the initial stage of development,

A great deal of interest was aroused by reports on the startup and adjustment operations on the BN-
350 reactor, the energy startup of which took place on July 16,1973, The results of these operations, de-
scribed mainly in the reports of A, I. Leipunskii* et al,, V., V. Orlov etal,, and D. S. Yurchenko et alf.,
indicate that all the calculated physical characteristics of the reactor were in satisfactory agreement with
"the actual values obtained by carrying out a program of physical measurements on the reactor.

An important place was given to the discussion of problems related to the design and construction of
reliable steam generators for sodium-cooled fast reactors. Ina report by V, F. Titov et al,, it was noted
that in present-day development of sodium —water steam generators, two lines of design are being followed:
single-vessel design, with unit power corresponding to the power of the circulation loop, and modular de-
sign, with different power values for the different modules., Single-vessel steam génerators are more com=-
pact and use less metal but require more complex manufacturing technology than modular steam generators.
Furthermore, in single-vessel generators it is more difficult to find and repair defective (leaking) tubes,
Modular steam generators are larger and require more metal but are more reliable in operation because
it is possible to localize failures within an individual module, It is thought that the first generation of
sodium-cooled steam generators will have to be of the sectional modular type.

The reliability and long operating life of sodium —water steam generators depend primarily on the
correct choice of structural materials, Three different trends are observable today in the use of stru¢-
tural mater:als for sodium-type steam generators: low-alloy, unstabilized, and stabilized steels of such
types as 1Kh2M and 1Kh2MFB; chrome steels containing 9-12% chrommm and austenitic steels based on
Kh18N9 or Kh20N30, :

Of great importance in the choice of structural materials will be the practmal experience to be ob-
‘tained in the operation of the first large fast reactors, the BN-350 and the BN-600.

A report by O, D, Kazachkovskii et al. stated that the once-through steam generator of the BOR 60
reactor has been operated for more than 10,000 hours without any failure, To check the condition of the
heat-exchange tubes, after 4,000 hours and 8,000 hours of operation of the steam generator, the vessel
had been opened and tube specimens had been cut out of the zone of the evaporator that had been found to
have poorer heat exchange than initially, Metallographic analysis showed that the fube surfaces were in
.good condition both on the sodium side and on the water side,

Three reports presented by Czechoslovakia (F. Dubsek et al., F. Strmiska et al.) were devoted to
problems involving the design and manufacture of sodium —water steam generators at the First Brno Machine
Construction Plant, In collaboration with NIIAR of Dimitrovgrad, USSR, workers at the First Brno Machine
Construction Plant researched, designed, and constructed a 30-MW experimental steam generator for the
BOR-60 reactor. Designs are being worked out for modular steam generators to be used in larger fast
reactors.

Problems connected with the production of operationzilly reliable fuel elements which are capable
of withstanding high loading and burnup values were discussed in reports by I. S. Golovnin, N. P. Agapova
etal., A. S. Zaimovskii etal,, A, Ya. Ladygin et al., and Yu. I. Likhachev et al. (USSR).

“Oxide fuel is the kind that has been most thoroughly tested in experimentation and operation up to
now, No massive failure of oxide fuel elements has been observed at burnup values of less than 10-119%;

* Deceased.
T See pp. 113, 119, a.nd 132 of this issue.
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however, individual fuel elements have failed. The interaction of the oxide with the stainless-steel jacket
that has been observed in a number of cases is due to the presence of fission fragments, oxygen, and rela-
tively high temperatures. In order to reduce the corrosion caused by the fission fragments, it is desirable
to use fuel whose composition is below the stoichiometric value and also to use oxygen-absorbing getters.
In addition, it is important to know how the properties of the stainless steel in the jacket will change under
the influence of high integral fluxes of neutrons and high temperatures., In the design of the fuel elements

it is necessary to take account of changes in the long-term strength and long-term plasticity, of high-tem- -
perature embrittlement, and of neutron creep and swelling, :

In the above-mentioned report of Yu. I. Likhachev et al., as well as in the report of V, 1. Subbotin et
al., it was noted that the durability of fuel elements is significantly affected by nonuniformities in tempera-
ture around the jacket, which may be particularly severe in the case of corner or wall fuel elements and
may reach 30-100°C, causing not only thermal stresses but also additional stresses resulting from the non-
uniform swelling of the jacket material. Because of this, the material of fuel element jackets must meet
strict standards of strength, compatibility with the fuel and the sodium, and radiation-swelling value.

For a number of years, specialists in the Soviet Union have been systematically working on the com-
prehensive evaluation of stainless steels of various compositions with a view to selecting materials to be
used in fuel -element jackets for fast reactors. A reportby N. P. Agapova et al, gave information on a
number of properties (heat-resistance, structure, susceptibility to radiation damage, resistance to sodium
corrosion, ete.) of 0Kh16N15M3B steel, developed as a material for the fuel-element jackets used in the
BR-5, BOR-60, and BN-350 reactors.

A. S. Zaimovskii et al. (USSR) presented the results of investigations on how irradiation in the active
zone of the BR-5 reactor affected the mechanical properties, structure, and swelling values of 1Kh18N10T
and 0Kh16N15M3B steels with various types of initial treatment.

A number of reports were devoted to the conditions of operation for fuel elements in the active zone .
from the viewpoint of hydrodynamics and temperature distribution.

The participants also heard a number of reports on how the corrosive action of sodium is affected by
the amount of oxygen it contains and on methods for monitoring oxygen and hydrogen values. In this con-
nection, mention should be made of a report by H. Ullmann et al, (German Democratic Republic) and a joint

~ report by the USSR (F. A. Kozlov et al.) and the German Democratic Republic (H, Ullmann et al,), which

described the principles involved in the measurement of oxygen and hydrogen concentrations in the sodium
loop by means of galvanic cells containing a solid electrolyte and presented the results obtained when in-
struments developed at the Central Institute of Nuclear Research (Rossendorf) were tested at the Physics
and Energy Institute (Obninsk).

A large number of reports were devoted to problems of reactor physics and methods of physical cal-
culations. The main trends of such work in the Soviet Union were considered in reports by V. V. Orlov et
al,, Yu. A, Kazanskii etal,, V. A, Dulin etal,, A. M. Kuz'min et al., and O. D, Bakumenko et al, In the
main, there are four traditional trends: basing reactor calculations on nuclear data, improving the methods
of reactor calculations, macroscopic investigations on critical assemblies, and investigations using models
of power reactors.

The need for various constants has sharply increased in connection with the design and construction
of atomic power stations.

In order to automate the calculation of group constants, workers at the Physics and Energy Institute
are working out a system for providing constants for atomic-reactor calculations (known by its Russian
initials as SOKRATOR). It includes a library of evaluated.and recommended data, a set of programs for
servicing the library, a set of programs for converting nuclear data of various types into reactor constants,
and a set of programs for calculating microconstants. Work on the establishment of a library of evaluated.
data is now in progress.

Fast-reactor calculations frequently make use of one-dimensional multi-group models, chiefly in a
diffusion approximation, This is because the programs are simple and convenient, requiring little calcu-
lation time, Other calculation methods are also used, Inparticular, a variational-iterative method has
been used for preparing programs for the two-dimensional design of reactors, to be used in large-scale
calculations for the optimization of reactors.
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The immedjate purpose of macroscopic investigations using critical assemblies with simple structure
and geometry is to explain the reasons for divergences between the measured and calculated characteristics,

Investigations have shown that the most important corrections that must be taken into account in cal-
culations or experiments are corrections relating to the dimensions of specimens used in measuring reac-
tivity coefficients and corrections connected with the heterogeneous structure of critical assemblies,

The purpose of modeling projected fast reactors on critical assemblies is to verify the accuracy of
the predicted physical design characteristics, At the present stage of development of calculation methods
and systems of group constants, this is a necessary procedure, The report of V. V. Orlov et al, described
the results of a study of 2 model of the BN-600 reactor on the BFS-2 test stand. Meagurements made on
fast-thermal critical assemblies were discussed in reports by K. Fermann and G. Huttel (German Demo-
cratic Republic) and L, Adamski and K. Bukowski* (Poland). The first report described an insertion lattice
inthe ring reactor at Rossendorf, and the second described the P-ANNA -1 two-zone critical assembly and
the experiments carried out on it, ’

The results of investigations of neutron-count statistics on the BFS-24-1 fast neutron critical as-
sembly at the Physics and Energy Institute were presented in a joint report prepared by Soviet and Polish
scientists (A. M. Abramov etal.).

A report by E. A. Stumbur et al, discussed the use of pulsed neutron methods for studying the physi-
cal characteristics of fast reactors; experiments had been carried out on a series of critical assemblies .
of the BFS-1 and BFS-2 types.

Calculation methods for fast reactors were also presented in reports from Czechoslovakia, the Ger-
man Democratic Republic, and Romania,

A number of reports [L. Adamski, Z. Rusynowski (Poland), D. Albert et al. (German Democratic
Republic), L., Moisin (Romania), and D, Jozefowics (Poland)] were devoted to the construction of various
kinds of measuring equipment. A Soviet report by V. G. Dubovskii et al, T described a highly sensitive
startup apparatus which had been used for monitoring the BN-350 reactor during the process of assembling
the critical mass and carrying out a program of physical experiments, Problems involving the nuclear
safety of fast reactors were discussed in a report by I. Suchomel and V. Adamik (Czechoslovakia).

The Second Fast-Reactor Symposium of the CMEA Countries showed that during the six years since
the first Symposium great advances had been made in the development and construction of reactors of this
type. Extensive research on fast reactors is now in progress in the CMEA member countries, The ex-
change of information that has been set up among them will help to bring about further progress in this field.

* Deceasged,
T See p. 128 of this issue,
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XXV SESSION OF COMECON PERMANENT COMMISSION\
ON PEACEFUL USES OF ATOMIC ENERGY

V. A, Kiselev

The XXV session of the COMECON Permanent Commission on the peaceful uses of atomic energy was
-held in Moscow, November 20-23, 1973, ' :

Participating in the deliberations of the Commission were delegations from Bulgaria, Hungary, the
GDR, the Republic of Cuba, Poland, Rumania, the Soviet Union, Czechoslovakia. Present in response to
invitations were representatives of the Interatominstrument international economic association on nuclear
instrumentation, and representatives of the Joint Institute for Nucléar Research.

Topics concerned with implementation of the decisions of the XXVII session of the COMECON, the
Executive Committee of the Council, and measures elaborated in the Comprehensive Program of further
deepening and improvement of collaboration and development of socialist economic integration of COMECON
member-nations were on the agenda at this session.

The course of development of forecasts into the fuel and energy (including nuclear power) needs of
the COMECON member-nations, extrapolated to 1990, and proposals on further activities of the Commis -
sion in this area, were discussed. '

The Commission approved the program of scientific and technical collaboration between COMECON
member-nations in the field of fast reactors, a draft program of scientific and technical collaboration
covering the period to 1980, and basic trends to 1990 in the field of conservation and improvement of the
environment as far as radiation safety is concerned, and also went into topics associated with the prepara-
tion of a draft plan for scientific and technical collaboration between COMECON member-nations for the
1976-1980 period. _ '

Information on the work done by the Provisional International Scientific Research Team for carrying
out reactor physics research on the VVER type critical assembly built at the Central Physics Research In-
stitute (in Budapest) was discussed, and the importance, fruitfulness, and great promise, of this work was
duly noted. . '

The Commission confirmed recommendation on specialization of production of isotope wares, and
also prepared for signing an Agreement on multilateral international specialization and cooperation in the
production of isotope wares,

The Commission's 1974-1975 work plan was confirmed, and the work plan for 1974 in the field of
standardization likewise, .

Appropriate recommendations and resolutions were adopted on all of the topics on the agenda,

Translated from Atomnaya Energiya, Vol. 36, No. 2, p, 150, February, 1974,
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COLLABORATION DAYBOOK

A conference of COMECON member-nation specialists on the distribution between the various in-
volved countries of the production of stable isotopes and labeled compounds incorporating stable isotopes
was held in Tbilisi, August 14-17, 1973, in line with the 1973 work plan of the COMECON Permanent
Commission on the peaceful uses of atomic energy [PKIAE SEV], Specialists from the GDR, Rumania, the
USSR, and the COMECON Secretariat took part in the deliberations, Reports were heard from leaders of
the delegations on the proposed development, in the several countries, of the production of stable isotopes,
proposals by those nations on specialization of production and coordination in the field of developing labeled
compounds. A preliminary exchange of opinions was followed by detailed discussions of proposals bearing
on specialization in the production of stable isotopes and compounds labeled by stable isotopes. The dis-
cussion resulted in the preparation of the following proposals for further discussion by the Commission on
specialization of production: 145 such compounds in the GDR, including some deuterated compounds, and
15N -labeled compounds; compounds tagged by the isotopes 1B and !B in the USSR, plus some deuterated
compounds (a total of 340 in the listing); six compounds tagged with deuterium and °N in Rumania.

The conference deemed it convenient to continue its work on further specialization of production of
stable isotopes and compounds labeled by stable isotopes, including coordination of work in COMECON
member-nations on development of listings of isotope compounds.

* ok ok

The 26th session of the PKmE SEV workteam on nuclear instrumentation was held September 11-14,
1973, in Liberec (Czechoslovakla)

Participating in this session were specialists from Bulgarla Hungary, the GDR, Poland, Rumama
USSR, Czechoslovakia, the COMECON Secretariat, and also representatives of the Interatominstrument
agency.

Further development of collaboration in the field of nuclear instrumentation was dlscussed and a
work plan for 1974-1975 was drawn up for the workteam,

The workteam agreed on proposals dealing with further problems facing the Comm1ss1on in the field
of nuclear instrumentation in connection with the setting up of Interatominstrument, and decided upon the
sequence and terms of development of unitized designs of a system for control, protection, and monitoring
of power reactors, and prepared agreed-upon decisions on various other topics. '

- The session also discussed standardization in the field of nuclear instrumentation, and ela_,borateda
draftwork planin the field of standardization.

* ok Kk

A conference of specialists of the COMECON member-nations on radiation-protection and radiation.
techniques was held in Mamaia (Rumania) on September 11-15, 1973,

Participating in this conference were specialists from Poland, Rumania, the USSR, Czechoslovak1a
the COMECON Secretariat, and a representative of the Interatominstrument agency.

The conference discussed an analysis of national standards in effect in COMECON member-nations
that was prepared by the COMECON Secretariat, and which applies to radmtlon—protectlon products, the.
identity of these standards with COMECON recommendations on standardization with regard to the basic
indices and regulations, and information on production of these products in the COMECON member -nations.

Translated from Atomnaya Energiya, Vol. 36, No. 2, pp. 150-152, February, 1974.
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Draft recommendations on the standardization of aerosol filters, viewing windows, v -ray nondestruc-
tive testing devices, protective lead blocks, reports with technical estimates on revision of recommenda-
tions on standardization adopted earlier (standardization of laboratory furniture and of laboratories de-
signed to facilitate handling of radioactive materials), were agreed upon.

Appropriate resolutions were adopted on all of these topics. The conference agreed upon a work plan
in the field of standardization of radiation-protection and radiation products for the 1974-1975 period.

* % Xk

A conference of specialists on analysis of radiopharmaceutical preparations was held September 25-
28, 1973, in Lenihgrad. Taking part were specialists from Hungary, the GDR, Poland, Rumania, the
USSR, the COMECON Secretariat, and Czechoslovakia, '

Summaries of work on the coordination plan for scientific and technical investigations, "Correlation
of methods for monitoring the characteristics of unitized radioactive medical preparations," were discussed
and deliberated. Reports were heard on the outlook for carrying out scientific research work in the COME—
CON member-nations based on multilateral and bilateral collaboration and agreed on proposals dealing with
joint work in analysis of radiopharmaceutical preparations over the 1975-1980 period.

Proposals on the content and implementation of work during 1974 were agreed upon.

* % ok

The second session of the KNTS [Coordination scientific technical council] on research reactors of
PKIAE SEV was held in Predeal (Rumania) on September 25-28, 1973.

‘Specialists from Bulgaria, Hungary, Poland, Rumania, the USSR, and Czechoslovakia participated in the
session, along with a staffmember of the COMECON Secretariat,

Reports from delegatiohs of specialists on progress of research in the field of techniques of in-pile
measurements and monitoring and control of nuclear research reactors were heard and discussed. Draft
work plans for realization of collaboration programs on the topics: "Tmprovements in existing research
reactors, expansion of experimental capabilities and coordination of their utilization for different directions

" in research," and "Development of new research reactors with improved neutron physics characteristics”
were agreed upon.

The participants'at this session also discussed and agreed upon draft programs and scheduling of a
symposium on "Experience in the operation and use of research reactors," to be held in Rumania September
30 through October 4, 1974, )

Several topics relating to enhancing the role of coordination scientific technical councils and improv-
ing the implementation of their decisions in action were discussed at the session, :

* kK

The second session of the KNTS on radiation safety was held in Dresden, September 25-28, 1973.
Participating in the work of the council were specialists from Bulgaria, Hungary, the GDR, Poland,
Rumania, the USSR, Czechoslovakia, and the COMECON Secretariat. A draft program of scientific and
technical collaboration between COMECON member-nations for the period extending to 1980, and relating
to basic trends in work in this area for the 1981-1990 period as well, extending into the field of environ-
mental conservation and environmental improvements as far as pertains to radiation safety, was discussed.
The council discussed the status of the work done in line with the existing plans in 1973, and approved the
1974 work plan. . . _

* ok ok
The third sessibn of the KNTS on water management, water treatment, and leakproofing of nuclear
power station fuel elements was held in Novaya Voronezh', October 9-12, 1973. Participating in the work

of the session were specialists from Bulgaria, Hungary, the GDR, Poland, Rumania, the USSR, Czecho-
slovakia, and a staff member of the COMECON Secretariat.

A report on results of work done on the second, third, and fourth power generating units of the
Novaya Voronezh' nuclear power station in the area of water management, corrosion, and water purifica-
tion was discussed, as well as a report on providing nuclear power stations of COMECON member -nations
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with ion exchange resins, and a report on the results of work done on deactivation of the primary loops of
VVER reactor units, and on the outlook for further development of work on deactivation.

The participants of this session expressed their satisfaction at the results obtained in operating the
Novaya Voronezh' nuclear power station, which constitutesa reliable basis for successful operation of

similar nuclear power generating stations in COMECON member -nations engaged in nuclear power develop-
mental programs. '

It was pointed out that proposals put forth by the USSR delegation on supplying ion exchange regins to
nuclear power generating stations in COMECON member-nations contain concrete requirements on require-
ments and specifications imposed on ion exchange resins serving specific functions, and on the selection of
concrete brands and grades of ion exchange resins., At the present time, COMECON member-nations have
at their disposal an ample range of ion exchange resins satisfying those requirements, so that the nuclear
power -situation in those COMECON member-nations is not hampered by any need to acquire ion exchange
resins from the capitalist countries. ’

~ The participants at this session engaged in a rounded discussion of problems associated with the
techniques, periodicity, and degree of deactivation of the primary loop of the VVER-440 and VVER-1000
reactors. ' '

Routine problems faced by the KNTS over the next two years to come were discussed and agreement
was reached on perspectives. The 1974-1975 work plan of the KNTS was discussed and improved.

* k 3k

A conference of COMECON member-nations’ specialists on radiation sterilization of materials and
medical wares and on the development of procedural documentation unique to specific countries in that do-
main was held October 9-12, 1973, at Sukhumi, Specialists from the GDR, Poland, Rumania, the USSR,
Czechoslovakia, took part in the conference, along with a COMECON Secretariat staffmember.

The following procedural documents were discussed and recommended for adoption and implementation
in the COMECON member-nations: '

medical technical specifications for polymeric materials to undergo radiation sterilization, and from
which wares to be put in contact with the blood stream or blood substituents are to be fabricated;

medical and technical specifications on polymeric materials and resins intended for the fabrication
of syringes and cannulas for throwaway needles sterilized by radiation exposure;

procedures for monitoring pyrogenicity of radiation-sterilized polymeric systems intended for taking
blood samples, blood transfusions, and blood substituents and throwaway injection syringes, and pro-
cedures for monitoring the toxicity of the above wares and products;

basic microbiological terms and concepts prevalent in the field of radiation sterilization.

- The status of work on the preparation of new procedural documents with features unique to those
countries, was discussed, and a forthcoming comprehensive plan for further development of work in this
area covering the 1974-1977 period, was discussed, and agreement was reached on the agenda for the next
conference scheduled to be held in the first half of 1975 somewhere in the Soviet Union.

* k %k
The seventeenth session of the workteam on reactor science and reactor engineering and nuclear

power was held in Moscow, October 16-19, 1973, Specialists from Bulgaria, Hungary, and GDR, Poland,
Rumania, the USSR, Czechoslovakia, and COMECON Secretariat staffmembers, were in attendance.

Major problems concerning reactor science, reactor engineering, and nuclear power, came under
discussion, and a proposal was launched to use the combined forces of scientists of the COMECON member -
nations to develop further work in this area in the 1976-1 980 period,

The further development of joint efforts in the field of fast reactors was discussed and approved, and
the discussion extended to matters of an organizational nature, resulting in the adoption of pertinent res-
olutions.
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INFORMATION

PROBLEMS OF INTERACTION OF LASER LIGHT AND
- RELATIVISTIC ELECTRONS WITH PLASMA

M. V. Naidenov

A session of the Working Group on the study of interaction of laser light and relativistic electrons
with plasma took place August 13-30, 1973, in Trieste, Italy,

The working group was organized on the initiative of the International Atomic Energy Agency (IAEA)
to discuss the feasibility of using superpowerful laser-light and relativistic-electron beams for thermo-
nuclear research, Interest in these problems has increased recently, and some success has been obtained
(megaampere relativistic-electron beams have been produced; optimistic results have been obtained for
two-dimensional calculations of compression and microburst of a D—T drop under the influence of laser
illumination},

The leading theoreticians in the field of plasma physics and specialists in the fields of interaction of
light and electron beams with plasma, plasma turbulence, and numerical modeling gathered in Trieste,.
R. Z. Sagdeev, L. I. Rudakov, A. A. Galeev, and others from the USSR participated.

In the first few days, general problems were discussed at seminars and meetings at which informa-
tion was exchanged. Later, the participants were divided among three subgroups: these dealt with linear
theory of light-beam parametric instability (led by M. Rosenbluth, USA, and P. Kow, India); heating effi-
ciency and reflection of laser light ina plasma corona surrounding a D—T medium (led by D, Porsluid,
USA, and A, Galeev, USSR); plasma-heating by high-power relativistic-electron beams, and plasma
turbulence (led by L. I. Rudakov, USSR, and R, Sudan, USA).

The conference was led by R. Z, Sagdeev,

A major portion of the subgroups' work concerned discussion and analysis of so-called numerical
experiments on the interaction of light and electron beams with plasma, which have been conducted at
several American computer centers and laboratories., This tendency in plasma physics has grown especial-
ly quickly in recent years, The studies consist of calculations, using modern computers, on the physical
processes in model plasma. For example, in typical calculations the plasma is represented as 100,000
charged layers (50,000 plane condensers) which are driven by the light wave's electromagnetic field, The
computers used in American computer centers allow one to follow the behavior of this many particles for
hundreds of oscillation periods of the incident wave and obtain information on the light reflection factor,
the plasma heating rate, and the turbulence characteristics of the light-excited plasma. Although such a
numerical experiment cannot be compared to a concrete real experiment (since even the best modern com-
puters do not allow calculations on an experiment corresponding to real conditions), the data obtained from
such calculation are the basis for developing a theory which itself must allow such comparison, Thus, the
discussions showed that the plasma turbulence characteristics in the numerical experiments are universal
and independent of the meéans of excitation (by light or electron beam), This fact is intelligible from the
theory of strong Langmuir turbulence, developed by Soviet theoreticians. The progress achieved in under-
standing plasma turbulence shows the fruitfulness of this approach :

The subgroup on studying the heatmg efficiency and laser-tight reflection in a plasma corona sur-
rounding a D—T medium surveyed the theoretical aspects of reverse parametric scattering by a plasma
drop and discussed the most important methods for decreasing this sca.ttermg Reverse parametric light
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scattering by a plasma drop is one of the most important processes impeding laser-light absorption by the
plasma in experiments on laser thermonuclear synthesis.

Commentaries on experiments now being conducted on the interaction of intense laser light with plas-
ma, noted that induced Brillouin scattering hds not yet been observed, Also discussed were questions of
plasma modeling; several easily interpretable experiments, which will make possible reliable comparisons
between theoretical assumptions and experimental results, were suggested.

All participants at the conference noted the usefulness of the discussions and seminars. They ex-
pressed thanks to JAEA and to A, Salamu, the Director of the International Center on Theoretical Physics,

for the conference's good organization., They also expressed the opinion that similar meetings would be
useful in the future, s
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)
PROBLEMS OF RADIATI‘ON AND ENVIRONMENTAL PROTECTION

G..V. Shishkin, I. A. Bdchvaf,
and V. A, Krasnikov

These problems have been discussed at the Meeting of the IAEA Research Group in Budapest on Sep-
tember 3-7, Most participants came from countries lying on the Danube, Representatives of Great Britain,
France, the German Democratic Republic, Netherlands, USA, and Canada also participated in the Meeting,

Problems of personal dosimetric monitoring in atomic power plants and nuclear laboratories, the
contamination of the environment and in particular of the Danube by radioactive wastes have been dis-
cussed in twenty papers. The question of contamination of the Danube river, in particular, aroused great
interest and provoked a lively discussion. The Meeting worked out recommendations which will be pub-
lished by the IAEA and distributed to the member countries,

Several reports dealt with problems of personal dosimetry,

I. Boitor (Hungary) reported on a program of measuring the absorbed dose from photographic film.
Application of machine dose-counting is very convenient as it ensures a uniform measuring technique. The
accuracy of the method is estimated to be +20%. L. Boros (Hungary) described a dosimeter based on
thermoexoelectronic emission and having very high sensitivity. The dosimeter is still under labora’oory
investigation.

S. Mark (Hungary) reported on an analysis of the radiation field in the vicinity of a research reactor,
In estimating the readings of activation detectors, the authors use theoret1ca1 spectra allowing for the role
of scattered neutrons in the local neutron field,

The report of R, Wilson (Canada) dealt with personal dosimétry of internal and external irradiation
at the Pickering Heavy-Water Reactor. The structure of a system of personal dosimetric monitoring has’
been described. Film dosimeters, direct-reading ionization chambers, nuclear emulsions, LiF thermo-
luminescence dosimeters for skin dose measurements of the hands are used: LiF and indium and sulfur
foils are used for emergency dosimetry. ’

The present personal monitoring system is to be modified and albedo and track dosimeters will be-
used for neutron dosimetry, Measurement of y -radiation dose and of 38— v radiation skin dose will be
based entirely on LiF thermoluminescent detectors,

Protection of the environment from radioactive wastes of industrial atomic power plants has been
the topic of several papers.

M. Ruhf et al., (FRG) analyzed the discharge waters of the Hundermingen reactor and their effect
on the activity of the Upper Danube, Eighteen isotopes, products of uranium fission or corrosion of acti-
vated materials, have been found in this discharge. The highest activity is due to tritium (98% in 1972);
other isotopes are: 8%sr, ¥sr, 1¥cs, 137cs, 1811, 140Ba, 01a, ¥Co, and 80Co. The 84.6 Ci of various acti-
vation and fission products discharged into the Danube in 1972 increased the activity of its waters by 26.4
pCi/liter, The dose due to pollution of waters used by the population of the Upper Danube basin (in drink- -

~ ing water, in fish caught in the Danube, in cattle feeding on its banks, in irrigation water, etc.,) has been

calculated. It has been shown that the total population dose does not exceed 1 mrem/year per person which
amounts to 1/170 part of the maximum dose recommended by the ICRP (5 rem in 30 years), The measure-
ments and calculations referred to the operation of one 237 MW reactor it is foreseen that several reactors
with a total power of 12,800 MW will be in operation by 1977.

Translated from Atomnaya Energiya, Vol. 36, No. 2, p. 154, February, 1974,
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Hungarian specialists (L. Sabo et al.,) reported that the pollution of the Danube waters in Hungary
~reached 10 pCi/liter and occasmnally even 35 pCi/liter, which exceeds the maximum norms adopted by
the country,

Bonar (France) described the results of monitoring the radioactive pollution of the Rhone river and
its floodplain, The French workers consider that the critical nuclide is ''Cs (and not *Sr). The present
level of activity is quite low.

D. Miller (USA) reported on the prospects of atomic power plants in the USA. It is anticipated that
by 1990 the USA will have 500 atomic power plants with a total power of 508 mill, kW, They will produce
about 44% of electrical energy consumed by that time. Such a program requires close attention to problems
associated with pollution of the biosphere by radioactive wastes, The USA now has 750 monitoring stations
scattered over the entire country. These stations are equipped with instrumentation capable of detecting
tritium in rain and discharge waters, the radioactivity of air and of river waters, and radioactive iodine in
milk, The stations are now used also to monitor the wastes of atomic power plants, All information is re-
ported to the USA Environmental Protection Agency.

After hearing and discussing the presented papers the Meeting adopted the following recommendatlons
for protecting the Danube from radioactive pollution: :

1) all Danube countries having nuclear programs should make available information on the volume and
nature of use of Danube waters mvolved in the program and on the populanon using these waters
including prospects of future growth

2) the countries should provide data on liquid radioactive wastes discharged into the Danube;

3) models of ecological chains should be uncovered and analyzed and the input parameters of these
models determined;

4) exposure dose limits for the population groups and maximum allowable amounts of radioactive
wastes discharged into the Danube should be established;

5) the syétem of monitoring, i.e., simultaneous sampling in border areas, standardization and unifi-
cation of sampling techniques, the sampling frequency, etc., ‘should be the sub]ect of agreement
between the countries involved;

6) a common system of alarm signals in case of critical situations (such as for example emergency
discharges) should be organized, and exchange of information and mutual warning should be en-
sured, '

Close cooperation between the interested countries will make it possible to establish unified environ-
ment methods which is a first step to the adoption of common standards for its protection.
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MODERN RESEARCH IN NUCLEAR METEOROLOGY

A. G. Trusov and M. S. Tsitskishvili

Research in nuclear ‘meteorology attracts the attention of more and more specialists in various fields
of science, - The growing rate of technological progress, the rapid development of nuclear power engineer-
ing, and the pollution of the atmosphere by artificial radioisotopes, make the problem of environment pro-
tection one of the most acute,

The International Symposium on the theme "Meteorological Aspects of Radioactive Pollution of the
Atmosphere," organized in October,1973 by the Central Hydrometeorological Administration Office of the
Council of Ministers of the USSR, the Institute of Experimental Meteorology, and the Transcaucasian Hydro- '
meteorological Research Institute, provided an opportunity to review the advances in this field,

The Symposium has been attended by 70 specialists from the German Democratic Republic, Poland,
Rumania, the Soviet Union, and Czechoslovakia,

Fourty-four papers read at the Symposium dealt with the following topics:

1) theoretical models of the migration of radioactive isotopes in the atmosphere and the use of these
isotopes as tracers in meteorological studies;

2) natural radioactive isotopes in the atmosphere, their physicochemical properties, and purification
processes;

3) the rules of global circulationin the atmosphere and fallout of artificial radioactive iso’obpes and
their role in meteorological processes;

4) problems of radioactive pollution of the atmosphere associated with the growing peaceful uses of
atomic energy.

In particular, the presented‘ papers described:

1) several numerical models of the propagation of radioactive isotopes from instantanenous and per-
manent sources;

" 2) specific uses of radioactive tracers in the study of intertropical convergence, stratospheric
—tropospheric exchange, and the distribution of fallouts in mountainous regions; '

3) generalized data on the distribution of emanating isotopes over large territories;
4) calculation of the inflow of cosmogenic radioisotopes into the atmospheric boundary layer;
5) models of washout and fallout processes of radioactive aerosols from the atmosphere;

6) quantitative description of the transport of artificial radioactive impurities from the stratosphere
to the troposphere; ‘

7) the relation between the pollution of the Earth surface and of the atmospheric boundary layer and
meteorological conditions;

8) methods of calculating the propagation of atmospheric impurities taking into account meteorologi-
cal factors;

Translated from Atomnaya Energiya, Vol. 36, No. 2, p. 155, February, 1974,
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9) methods of standardization of the allowable discharge from smokestacks of atomic power plants;
the importance of meteorological service in the protection of population in connection with the
growth of nuclear power production has been stressed,

The Symposium noted the fruitful use of radioactive tracers in the analysis of atmospheric processes
and approved the application of nuclear meteorology methods in the study of propagation and removal of
radioactive industrial wastes from the atmosphere. The study of local sources and their global influences
is of particular importance in view of the growing peaceful uses of atomic energy,

The Symposium stated that nuclear power engineering is one of the human activities in which the pos-
sible dangers can be reduced to minimum. New improved methods must be developed for processing radio-
active wastes and other impurities, Particular attention should be devoted to tritium, krypton, and iodine
in view of the difficulties associated with their isolation from the environment, ‘

Research must be continued on the prevention of harmful effects of radioactive material discharged
by the atomic industry into the environment, and on the behavior of biologically dangerous long-lived radio-
active materials in the outer environment,

The Symposium approved methods of ‘calculating the propagation and fallout of radioactive discharges,
and methods of standardizing the allowable discharges in conjunction with atmospheric processes,

The ﬁroceedings of the Symposium are to be published,
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NEW EQUIPMENT ‘

RV-1200 RADIATION TECHNOLOGICAL FACILITY FOR
VULCANIZING THERMOSTABLE ADHESIVE ELECTRICALLY
INSULATING TAPE AND RUBBER — GLASS -FABRIC COMPOSITE

N. A, Pekarskii, V. B. Osipov,

I. Ya. Poddubnyi, G, N, Lebedeva,
S. V. Mamikonyan, B. M., Terent'ev,
S. V. Aver'yanov, E, D. Chistov,
V. A. Gol'din, R. R. Safin,

and G. I, Marfin

The RV-1200 full-scale radiation-chemical reactor, which has already undergone téchnological tests,
has been put into service in the Soviet Union and has begun producing industrial wares,

Work on radiation-induced vulcanization of various grades of rubbers shed light on the perspectives
open for devising and creating new materials or materials with improved properties, inasmuch as the effect
of ionizing radiations on polymeric materials was discovered to result in modifications of the physical and
mechanical properties of the irradiated polymers, Through radiation vulcanization, rubber grades acquire
a structure contrasting with the structure of similar materials produced in conventional vulcanization by
chemical means, and the new properties inherent uniquely in the radiation vulcanizates, such as adhesion
to metals and autohesion, are of great interest. The radiation vulcanizates exhibit heightened stability to
heat and frost, excellent resistance to attack by water, considerable mechanical strength, and resistance
to wear, :

Reéearch carried out to date [1] has shown that radiation-induced vulecanization of rubber mixes with
a polyheterosiloxane rubber base results in the acquisition of new insulating materials, such as highly
thermostable electrically insulating adhesive tape and rubber—glass-fabric composite, The tape does
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Fig, 1. Dependence of n, on irradiator length or on number of blocks (E; = 1.25
MeV, distance from tape blocks to irradiator b = 14.5 cm),

Fig. 2. Arrangement of tape biocks relative to irradiator plane at by = 10 cm,
by = 23 cm, Ljry = 387 cm, Hjyy =120 cm, A= 9 cm.
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TABLE 1, Calculated Radiation Parameters for Several Variants in Arrangement of
Tape Blocks Relative to Irradiator Plane

Volume of Maximum
. mass of ‘ot .
A [rumber |Height blocks need - ?r%‘%a&‘iﬁme Lradiator Exposure
rrangement of tape blocks oftape |ofblocks, ny,%  ledforspeci- |, oo o activity, xP
© Iblocks |em fied nonuni- | VSRS 1y time,
formity, % /Py, o
In onerow on eachside of irradiator 80 17,0 97 18 8,28-105 8,8
Pp=0,88g/cms, dp =1L7em 18 90 20,0 85 23,5 7.108 10,8
80 20,0 88 25 7.10% 10,7
20 90 22,5 77 33 6,36-105 12,0
In tworows on eachside of irradiator, 20 90 24,0 90 20 6,36.10° 10,5
pp=0.7g/cm®, dy=15 cm

good service for 300 full days at 250°C, over 100 full days at 300°C, 5 to 10 min at 410°C, It willv stick to
metals, operates stably in cold down to —60°C, resists attack by water, offers tensile strength to 60 kgt

/cm?, relative elongation to 500%, electrical strength to 30 kV/mm, and resistivity greater than 101* @
/em, ' '

The rubber —glass-fabric composite exhibits excellent thermal stability (above 250°C), resists cold
and frost down to —60°C, resists attack by water, offers tensile strength greater than 400 kgf/ cm?, elec-
trical strength to 30 kV/mm, and resistivity greater than 10t @ /cm,

The LETSAR radiation-fabricated adhesive tape* and the radiation-fabricated RETSAR rubber -glass-
fabric composite* are being produced for industrial needs, in the form of coils respectively 13-15 cm and
12-25 cm in diameter, with polyethylene backing sandwiched in between the rubber layers, to prevent self-
adhesion in storage., Tape 26 mm-in width is being fabricated in two variants: shaped tape (in triangular
form) of 0.5 mm maximum thickness and rectangular tape 0.2 mm. The rubber —glass-fabric composite
is being made with rubber coating on one side or on both sides, in sheet 80 cm wide and 0.25 mm in thick-
ness, - :

Radiation-induced vulcanization of rubber mixes, initiated by ®°Co 5 -emmision, is carried out at
relatively high absorbed exposure doses on the order of 13,5 Mrad, while the tape and the rubber —glass-
fabric composite with optimum physicomechanical and electrical properties are obtained with a fairly high
radiation dose field homogeneity of +15%.

An irradiator featuring an activity output on the order of 500 kCi, and a large-size exposure chamber
with thick biological concrete shielding, access to which can be gained only through labyrinths, are re-
quired for a full-scale process of this type, with the due attention to specific productivity and the need for
uniform exposure,

Basic Parameters and Design of the RV-1200 Facility. This facility is provided with an exposure"
chamber 6 m in diameter and 2.2 m high, with the ®%Co source of radiation located at the center of the
chamber. The best procedure is to irradiate the tape in the form of cylindrical blocks made up from sep-
arate coils, in order to maintain the productivity of the facility, uniformity of exposure, and a fairly high
radiation efficiency (7nr).

The irradiator was selected in the form of an extended plane comprising a large array of rodlike
tubular elements, given the cylindrical shape of the blocks of tape and the high absorbed exposure dose
(and as a result of comparing design variants of rodlike, cylindrical, and slablike irradiators). A (com-
puterized) method of engineering physics calculationwas employed to determine the activity of the irradiator,
by computing the absorbed energy distribution of y-radiation, in particular ny, on the basis of the super-
position principle.

Tigure 1 shows results of calculations of 7y .as a function of the irradiator length Lirr (at irradiator
height Hipr = 120 cm), or as a function of the number Ny, of cylindrical tape blocks arrayed in a single row
on both sides of the irradiator plane, It is clear from the diagram that 7, is maximized in practice at Ljyy
= 324 cm (and respectively Ny, = 36), under the conditions stated. The best dimensions for the slab type

* The fabrication process for these electrically insulating materials is now protected by patents [2-4].
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Fig. 3. Dependence of 7, on distance
from tape block to irradiator at E; = 1.25
MeV: 1) Np = 36, Hp = Hirr = 120 cm, A
= 7,755 ecm, ALjrr = 57 cm; 2) Ny = 32,
Hp =100 cm, Hijpr =120 cm, A = 7 cm.

1 i 1
i 20 39 40 50 8 cm

‘irradiator are a.rr1ved at [5] from the condition that the area of the slab plane approximately satlsfy the

inequality Sjrr = 4 m?, and the following dimensions are designed for the active part of the irradiator: Hijrr
=120 cm; Ljpy = 387 cm,

The calculated activity of the ®°Co charged into the irradiator is 764 kCi. A total of 404 sources with
a 0.7 r/sec exposure dose rate are positioned at a distance of 1 m (1,95 kCi) and 212 sources of exposure
dose rate 1,6 -107! r/sec are positioned at a distance of 1 m (0.45 kCi), distributed uniformly in 44 out of
87 tubular elements, The remaining 43 elements are intended for periodic reloading of sources (the act1v1ty
of the source diminishes with time),

Figure 2 shows how the tape blocks are arrayed relative to the irradiator plane, The required dose
field nonuniformity with respect to the height and length of the tape blocks is achieved by creating overlaps
of the active irradiator area above the area of the object. This problem (in terms of the thickness of the
tape blocks) is solved by placing the object at different distances from the irradiator, The results of the
calculations are plotted in Fig. 3. But the most effective way of achieving the required dose field nonuni-
formity (+15%) with respect to the thickness of the tape blocks is by rotating the objects about their axes.
The irradiator is treated as an assemblage of point sources when calculating the absorbed dose fields,

Results of calculations of 7,, the degree of nonuniformity of exposure, the activity of the irradiator,
and the exposure time for different variants are presented here in tabular form.

The distribution of dose rates as radiation absorbed in the tape blocks and in the rubber —glass-fabric
composite was also determined by chemical dosimetry, using industrial nonplasticized films of cellulose
triacetate 140 5 p thick. It was found that absorbed dose rate deviations with respect to the height of the
tape blocks were not in excess of the specified levels (+15%), and the figure was + 7% along the length of
each row of tape blocks.

The RV-1200 facility (Fig. 4) is installed in the electrical insulating tape and rubber —glass-fabric

composite production department, and forms a rectangular room with a cylindrically shaped exposure

chamber (2) centered within it, an annular conveying channel (16) lined on all sides with concrete shield-
ing walls (17) designed to form (in plan view) two mutually overlapping half-crescents. The advantages of
a chamber of that configuration over rectangular-shaped chambers with zigzag channels is demonstrated
in a separate article [6]. Given the same effective area, the cylindrical chamber is more compact and
cheaper since the conveying channel is organically incorporated into the design of the-shielding walls and
shielding materials are curtailed 30% in that case, Moreover, the constant radius of curvature of the an-
nular channel leads itself better to conveying the products, while ensuring the required number of reflec-
tions of direct radiation.

Also installed in the exposure chamber are:

1. The irradiator 6, consisting of 87 pressuretight tubular elements 5 with 80Co sources sealed by
shielding plugs and mounted on the crossarm 3. The irradiator is equipped with a pneumatic system for
automatically dumping the tubular elements; this emergency system is actuated in any of six distinct emer-
gency situations. : :
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2. A storage tank 14 for the irradiator; this tank comprises a rectangular unit with 87 lead-lined
channels, The lead, acting as thermal shield, makes it possible to take up as much as 10,000 keal /h of
heat released by the radiation sources (up to 709 of the entire amount of energy absorbed in the structural
materials), The top of the storage tank is surrounded by cast iron shielding slabs 13, the bottom by re-
movahle concrete slabs, both for the purpose of cutting down on radiation intensity to the permissible level,

3. An irradiator displacing mechanism 7, This mechanism comprises a system of two vertical ..:
screws with nuts, on which the irradiator crossarm is mounted, The screws operate in unison and are
powered by an electric power drive working through a transmission system,

4, The tape block rotation mechanism 1. This system meshes with gears, and is required to main-
tain the specified dose field uniformity with respect to the thickness of the object. h

5. A loading device 4, which is a set of cast iron shielding slabs with 22 holes similar to the holes
in the storage tank that are covered over by the shielding plugs. '

» The facility is provided with an assembly chamber 8 which is used in assembling the tubular elements
of the irradiator, temporary storage of sources, carrying out work associated with reloading of sources
and checking sources for hermetic sealage. There are also a viewing window, a master-slave manipulator
10, a storage tank 9, and a worktabhle,

" The conveying device 15, a chain of 10 suspended four-wheel carriages on which the tape blocks are
arrayed in two rows, is used to move the tape blocks into position for irradiation. Two conveying chains
- with the products each move into the exposure chamber through their own conveying channel and line up
on both sides of the irradiator plane, The radiation vulcanization conditions are established in line with
technological regulations governing the production of the electrically insulating tape and rubber —glass-
fabric composite, Exposure uniformity in each row of tape blocks is achieved through transverse irradia-
tion of the conveying chains from each side of the irradiator.

The facility features a control system, dosimetric monitoring, and interlocks, and is controlled from
a control panel located in the operations rooms, '

The %°Co sources are loaded into the channels of the storage tank in the assembly chamber. All of
the sources were distributed, depending on the activity ratings and the date of fabrication in the tubular
elements of the irradiator, so as to bring about the required dose field uniformity over the irradiator plane,
The sources are charged into the tubular elements in the assembly chamber, with the aid of the master-
slave manipulator. The assembled tubular elements are then transferred from the assembly chamber to

Fig‘. 4. General view of the RV-1200 facility.
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the irradiation exposure chamber with the aid of a special reloading container, and are mounted on the
crossarm of the irradiator, each in its own hole, Dosimetric checks on all components of the biological
shielding with the irradiator in different positions then followed, simultaneous with the loading of the
sources and the assembly of the irradiator, and that demonstrated the effective performance of all of

- the shielding equipment,
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FLOW CHECK DEVICE FOR I;IQUID—METAL LOOPS

S. N. Ogorodnikov, R. V. Orlov,
and R, N, Khomich

Stringent requirements are placed on the flow-check devices used in plasma accelerators [1] operating
under severe thermal stess and in highly corrosive environments, The major such requirements are high
reliability, leaktightness, very high switching rates (=10%), comparatively short response times, The flow
check devices [2] based on a system with a neédie-on-seat mechanical seal feature suffer from short ser-
vice life and impairment of the seal because of the frequent on-off switchings. The flow check device based
on freezing of the working fluid in the channel through the action of a2 coolant has a longer opening time.

The flow check device [3] described here for liquid-metal loops (alkali metal loops), which is simple
in design and reliable in service, is free from the above shortcomings,

The basic design is shown in Fig. 1. The channel is leakproofed by freezing the working fluid., The
device is designed in the form of two stainless steel tubes (one coolant tube and one working tube) respec-
tively 10 x 1 mm and 6 x 1 mm in cross section. The working tube 1 through which the working fluid flows
runs through the coolant tube 3 (at an angle) and is hermetically welded to the latter, such that a cavity 2
is formed between the outer surface of the working tube and the inner surface of the coolant tube, The
coolant employed is compressed air. The two tubes are heated by direct filament current which is kept
constant throughout the experiment, . The performance of the flow check device is monitored by a X —A
thermocouple installed to measure the temperature of the outer wall of the coolant tube. T, =200°C is as-
signed as the initial temperature at which the flow check dev1ce opens, and T, = 120°C as the closing tem-
perature,

T7,mV /')/ -
.
As 200%
7 —
v 6 -
S AR 126
4
3 I | 1 i l
[ ] 20 30 40 50 T, sec
Fig. 1 Fig. 2
Fig. 1. Basic design of flow check device: 1) working tube; 2) cavity; 3) coolant

tube,

Fig. 2. Dependence of temperature of outer wall of coolant tube on time and on
working fluid flowrate: O) working fluid flowrate zero; A) working fluid flowrate
0.05 g/sec; O) working fluid flowrate 0.3 g/sec.

Translated from Atomnaya Energiya, Vol. 36, No, 2, pp. 159-160, February, 1974,
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The geometncal parameters of the flow check device and the amount of cooling air for the specified
flowrate of working fluid dre determined such that the specified operating response time (~10 to 15 sec)
will be attained. By using the one-dimensional form of the differential thermal conduction law 8q/ 9T
= a92q/ 5%, we obtain for the freezing rate v = 2q/cpR, where q is the specific thermal flux; ¢ is the speci-
fic heat; p is the dengity of the working fluid; R is the working tube radius, Hence, we have T = AT /v for
the freezing time, '

Figure 2 shows the time dependence of the temperature of the outer wall of the coolant tube, derived
experimentally, for fixed flowrates of coolant air and different flowrates of working fluid. The flowrate
of coolant air for 0,3 g/ sec flowrate of working fluid, with the flow check device closed, is 8.5 - 10° liters
/h, as against 1.3 - 10 liter /h with the flow check device opened. It is clear from Fig. 2 that the measured .
response time of the flow check device is close to the calculated time, ~15 sec. A flow check device of
this type that has been in service for two years (without failure) was investigated experimentally on a
lithium stream in a vacuum chamber, for several hundred hours during which time it withstood ~10% open-
close cycles. The tests showed that the device operates reliably with repeated open-close cycling over the
selected range of working fluid flowrates (to 0,3 g/sec), and that the response time of the device under-
goes virtually no change as the flowrate of working fluid is varied. '
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